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Type 2 diabetes mellitus, or T2DM, is a leading cause of preventable death in the United 
States. Multiple studies have found that certain dietary patterns can significantly 
influence the risk of T2DM. The purpose of this study was to understand the dietary 
patterns associated with diabetes by comparing the relative adherence to these dietary 
patterns by individuals in 5 stages of diabetes: no diabetes, undiagnosed prediabetes, 
diagnosed prediabetes, undiagnosed diabetes, and diagnosed diabetes. Using the health 
belief model as the theoretical foundation, the primary research question examined 
whether adherence to specific dietary patterns significantly differed between individuals 
in different stages of diabetes. This question was important for understanding the dietary 
behaviors of individuals in early or unknown stages of diabetes that may lead to more 
harmful health consequences. Using data from the National Health and Nutrition 
Examination Survey (n = 15,237), multiple logistic regression analyses compared the 
odds of adherence to specific dietary patterns, adjusting for covariates. There was no 
statistically significant association between dietary pattern adherence and diabetes status. 
However, certain covariate factors—such as age and gender—were found to significantly 
influence the odds of high adherence to certain dietary patterns. Specifically, males were 
significantly more like than were females to adhere to diets associated with increased 
T2DM risk, and adults aged 50 years and older were significantly more likely than were 
younger adults to adhere to diets associated with decreased T2DM risk. The impact of 
these findings could lead to more targeted interventions promoting better eating habits 
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Chapter 1: Introduction to the Study  
Introduction 
Type 2 diabetes mellitus (T2DM) is a major public health concern characterized by 
an abnormally high blood glucose level. It is one of the top causes of preventable death in 
the United States (Hoyert & Xu, 2012), and more than 29 million people are currently 
living with the condition (U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention [CDC], 2014). African-Americans comprise a larger 
proportion of new cases in comparison to other racial and ethnic groups (CDC, 2014). 
T2DM is especially challenging given that many people are unaware that they have the 
condition and, thus, fail to appropriately manage the condition (CDC, 2014). Furthermore, 
more than 33% of U.S. adults over the age of 20 are considered to be “borderline” diabetic 
or prediabetic (also known as impaired glucose tolerance), defined as a blood glucose level 
that is above normal yet not within the range defined for diabetes (CDC, 2014). Similar to 
those with undiagnosed diabetes, individuals with prediabetes may be unaware of their 
status, missing key opportunities to make appropriate lifestyle modifications in order to 
reduce their risk of developing T2DM. 
 Healthy eating is essential for preventing the development of T2DM. In fact, 
lifestyle modifications are nearly twice as effective in preventing diabetes in comparison to 
the use of glucose-lowering drugs, as pharmaceuticals tend to be effective only in specific 
subgroups of patients (Diabetes Prevention Program Research Group, 2002; Sherwin et al., 
2003). Moreover, lifestyle modifications offer a cost-efficient approach for preventing 




focused on the diets of those with diagnosed T2DM (Jarvandi, Davidson, Jeffe, & 
Schootman, 2012; Montonen et al., 2005), yet few studies have compared the diets of 
individuals who are unaware of their diabetes status. This study will seek to compare the 
diets of individuals with undiagnosed prediabetes and undiagnosed T2DM to those with no 
history of diabetes and to determine if certain dietary patterns are more likely than others to 
increase the risk of undiagnosed prediabetes or undiagnosed T2DM. 
A major assumption of the study is that eating habits are a function of perceived 
health status. That is, compared to individuals who are unaware of their chronic disease 
status (i.e., those who are borderline for a disease or those who are unaware that they have 
a disease), individuals with known (i.e., diagnosed) chronic disease are more likely to 
follow recommended nutrition guidelines in order to mitigate the effects of the disease. 
Using available dietary recall, physical examination, laboratory, and questionnaire data 
collected in the National Health and Nutrition Examination Survey (NHANES), this study 
will aim to determine the relative risk of undiagnosed prediabetes and undiagnosed T2DM 
associated with distinct dietary patterns. This study will also test the validity of the 
assumption that knowledge of disease status is associated with less risky dietary patterns by 
comparing the frequency of adherence to risky diets between individuals with diagnosed 
versus undiagnosed prediabetes and T2DM. 
Individuals at high risk of diabetes can be identified early in the disease process, 
thus delaying or preventing the disease altogether (Sherwin et al., 2003). Thus, 
opportunities exist for increased public health interventions and education efforts designed 




with undiagnosed T2DM could benefit from public health interventions designed to detect 
diabetes early in its progression and prevent diabetes-related complications (Ochoa et al., 
2014). This study will seek to contribute to this area of chronic disease prevention and 
control by comparing dietary patterns that are known to influence the risk of T2DM.  
The social change implications of this study include new insights about dietary 
patterns that are more prone to increasing blood glucose levels among individuals with 
prediabetes. This study may also lead to new insights about the association between  diet 
and perceived health status. This new information could lead to more targeted nutritional 
guidelines for individuals with prediabetes; it could also lead to more targeted diabetes 
prevention interventions for reducing  exposure to dietary patterns associated with higher 
adherence among individuals with undiagnosed prediabetes and undiagnosed T2DM. In 
addition, financial costs associated with diagnosed diabetes are estimated to be $245 
billion, which is 40% higher than the previous estimate of $174 billion in 2007 (American 
Diabetes Association, 2013). Thus, the current study may help to address the growing 
financial and personal burdens of diabetes by providing a more cost-effective prevention 
strategy that focuses on making lifestyle modifications rather than paying for costly 
medical interventions. 
Chapter 1 provides background information on the current state of knowledge of 
prediabetes and undiagnosed T2DM. It summarizes the literature on the association 
between diet and diabetes outcomes and it delineates knowledge gaps that this study sought 
to address. The chapter then describes the relevant theoretical framework for the study, the 




chapter describes the nature of the study and its assumptions, scope and delimitations, and 
limitations. 
Background 
Few studies have compared the epidemiologies of prediabetes, undiagnosed 
diabetes, and diagnosed diabetes. One study used data from the National Health and 
Nutrition Examination Survey (NHANES) and estimated prediabetes, undiagnosed 
diabetes, and diagnosed diabetes prevalence in U.S. adults, aged 20 years and older, to be 
29.5%, 4.7%, and 7.9%, respectively (Cowie et al., 2009). In another study, the future risk 
of developing prediabetes or undiagnosed diabetes was predicted from a combination of 
self-reported health information and laboratory data collected in NHANES. Specifically, 
the future risk of prediabetes and undiagnosed diabetes was estimated based on survey 
responses pertaining to  age, height, central obesity, gestational diabetes, race/ethnicity, 
hypertension, family history of diabetes, and exercise (Heikes, Eddy, Arondekar, & 
Schlessinger, 2008). This tool, known as the Diabetes Risk Calculator, can be used in the 
absence of more reliable information on patient diabetes risk. The risk of prediabetes and 
undiagnosed diabetes as calculated by the tool was 4.2 and 26.1 %, respectively, which is 
similar to the findings from the Cowie et al. (2009) study and provides evidence of the 
utility of combining self-reported health information with laboratory data to accurately 
predict chronic disease outcomes. 
Both diabetes and prediabetes have significant negative health impact. For example, 
diabetes can lead to more serious complications, including heart disease, stroke, blindness, 




four major risk factors for cardiovascular disease, which include obesity in the central 
region of the body, high levels of triglycerides, low levels of HDL cholesterol, and high 
blood pressure (Li, Ford, Zhao, & Mokdad, 2009). This association seems to depict a 
clustering effect in which the greater the number of cardiovascular disease risk factors 
present, the greater the risk of prediabetes (Li, Ford, Zhao, & Mokdad, 2009). However, the 
precise nature of the association is still unclear, as prediabetes also appears to be an 
independent risk factor for cardiovascular disease and is associated with a higher mortality 
rate among persons with cardiovascular disease (Standl, Erbach, & Schnell, 2013). 
Individuals with prediabetes would benefit the most from diabetes prevention 
strategies due to greater opportunities for delaying the progression to diabetes. That is, 
interventions targeting prediabetic populations would have a greater impact on preventing 
future diabetes complications and future diabetes-related mortalities (Narayan, Imperatore, 
Benjamin, & Engelgau, 2002). Specific strategies for preventing the progression of 
prediabetes into diabetes include increased physical activity, improved diet, and glucose-
lowering drug treatments (Ryden et al., 2007). However, weight loss alone (whether by 
means of healthy eating, increased physical activity, or other means) appears to be the 
single most important factor in predicting the normalization from prediabetes to normal 
glucose levels (Perreault, Kahn, Christophi, Knowler, & Hamman, 2009).  
Prediabetes is diagnosed using various screening tools. A commonly used method 
for screening prediabetes is the use of both the fasting plasma glucose (FPG) and oral 
glucose tolerance test (OGTT) screening tools. The former test primarily measures insulin 




measures insulin resistance in other major organs of the body and detects impaired glucose 
tolerance (Cowie et al., 2009). The FPG test measures blood glucose levels after a period of 
fasting. One of the limitations of the FPG test is the potential for inconsistent results, as the 
test may indicate diabetes diagnosis for a given individual on a given day, yet may indicate 
normal blood glucose levels for the same individual 2 weeks later (Sacks, 2011). The 
sources of variation in FPG results can be attributed to various factors that influence 
changes in blood glucose concentrations, including stress, acute illness, or noncompliance 
with the requirement to fast prior to the test. The OGTT similarly requires participants to 
fast prior to the test but also requires participants to consume glucose in order to determine 
how well the body metabolizes the glucose after a short period of fasting (Sacks, 2011). 
However, like the FPG test, the OGTT is subject to lack of reproducibility and is more 
time-consuming, costly, and inconvenient than the FPG (Sacks, 2011). 
While some argue that both the FPG and OGTT should be used as a comprehensive 
assessment of prediabetes, others support the use of hemoglobin A1c (HbA1c) for 
screening and diagnosing early diabetes onset (Saudek et al., 2008). Proponents of the 
HbA1c screening test argue that unlike the FPG and OGTT screening tests, the HbA1c test 
does not require patients to go without eating for a period of time before the test and also 
better reflects long-term glycemic levels as opposed to detecting short-term lifetime 
changes initiated close to the screening time (i.e., increased exercise or increased vegetable 
intake prior to the screening test; see Saudek et al., 2008). Early diabetes studies revealed 
that HbA1c concentration is independent of fasting blood glucose yet is highly correlated 




studies comparing HbA1c concentration and fasting blood glucose found that HbA1c is 
less sensitive in identifying individuals with an increased risk for diabetes (Lorenzo et al., 
2010; Olson et al., 2010), yet it could be useful in clinical settings for early detection of 
high-risk patients if strictly used as a screening tool rather than a diagnostic tool (Silverman 
et al., 2011). Recommendations for accurately diagnosing diabetes include the use of 
multiple diagnostic tools that include, at a minimum, both the HbA1c screening test and at 
least one of the FPG or OGTT screening tests. The present study will follow this 
recommendation and define laboratory-confirmed diabetes using all available diagnostic 
test results in NHANES. Ultimately, behavior modifications such as weight loss and 
increased physical activity may predict future diabetes risk more strongly than biochemical 
measures (Simmons, Harding, Wareham, & Griffin, 2007). 
Like prediabetes, undiagnosed diabetes is a public health priority area given the 
implications for early detection. A major concern for early detection is the idea that 
undiagnosed cases, unbeknownst to them, are in a latent phase of diabetes onset 
characterized by rising diabetic complications that require immediate attention in order to 
mitigate damaging effects (Harris & Eastman, 2000). This latent phase between diabetes 
onset and diagnosis typically lasts an average of 7 years (Saudek et al., 2008). Individuals 
at high-risk of being in this latent phase include those with no health insurance or no 
routine access to a medical provider (Zhang et al., 2010) as well as elderly men with high 
blood pressure, high BMI levels, and a large waist circumference (Franse et al., 2001). 
Dietary behaviors can influence subsequent diabetes risk. In general, a higher 




food products is associated with reduced diabetes risk, although fish consumption may be 
an exception given its potential positive health benefits (Parillo, & Riccardi, 2004). 
Generally, reducing total fat intake and increasing the amount of fiber and antioxidants in 
the diet is associated with reducing the burden of T2DM (Bhoraskar, 2005), and increased 
intake of whole grains is associated with reduced diabetes incidence (Perry, 2002). In 
addition, increased fish and vegetable intake is moderately associated with reduced 
incidence of glucose intolerance (Perry, 2002).  
Some specific diets, such as the “Western” diet (Perry, 2002) and the 
“Conservative” diet (Montenen et al., 2005), are associated with increased diabetes risk; 
whereas, others, such as the Mediterranean diet (Salas-Salvadó et al., 2011) and the prudent 
diet (Perry, 2002; Montenen et al., 2005), are associated with decreased risk. The 
“Western” dietary pattern features a high level of red meat and processed meat, high-fat 
dairy products, refined grains, fried starchy foods, and sugary foods. The “Conservative” 
diet similarly features high consumption of red meats, whole milk, butter, and potatoes 
(Montenen et al., 2005). The “Western” diet is associated with a 1.6 times increased 
diabetes risk compared to those not exposed to the diet (Perry, 2002), and a “Conservative” 
diet is associated with a 1.5 times increased risk of diabetes (Montenen et al, 2005). In 
contrast, the Mediterranean diet, or MedDiet, includes high consumption of fruits, grains, 
legumes, nuts, olive oil, and vegetables as well as moderate amounts of fish and wine 
(Salas-Salvadó et al., 2011). Similarly, the prudent diet includes high amounts of fruit and 
vegetables, low-fat dairy products, fish, pasta and rice combined with low amounts of 




with a 52% reduction in diabetes incidence (Salas-Salvadó et al., 2011) and a greater 
reduction in diabetes risk than other low-fat diets recommended for high-risk 
cardiovascular disease patients (Jensen & Sherman, 2014). Consumers of the prudent diet 
are approximately 0.72 times less likely to develop diabetes (Montenen, 2005). 
Food intake patterns differ between individuals with diabetes versus those without 
diabetes. A recent study found that diabetics were more likely to consume artificially-
sweetened foods in comparison to those with prediabetes, and the latter group was more 
likely to consume sugary foods and regular (non-diet) sodas (Fitzgerald, Damio, Segura-
Pérez, & Pérez-Escamilla, 2008). Findings from the study also revealed that knowledge of 
food labels was significantly associated with healthy eating, but this finding was not 
significantly associated with diabetes status. The present study will further explore 
differences in food intake patterns of individuals in different stages of diabetes. 
This study will advance current knowledge of dietary patterns associated with 
diabetes in several ways. First, this is the first known investigation of the relationship 
between dietary patterns and knowledge of diabetes status. Much of what is currently 
known about dietary risk factors for diabetes is derived from samples of individuals who 
are aware of their diabetes status. A major advantage of this study is the use of combined 
biochemical (blood glucose tests) and self-reported (dietary recall) data collected in the 
NHANES survey. This combined information will provide a unique snapshot of the 
influence of disease unawareness on the prevalence of risky eating behaviors. 
Secondly, the present study is one of few studies to investigate the behaviors of 




prediabetes is of public health importance given the dual association of prediabetes with 
both diabetes and cardiovascular disease. It is also essential to identify ways to reduce the 
burden of undiagnosed diabetes in order to mitigate the effects of the condition among 
persons unaware of their diabetes status.  
This study is needed in order to compare risky dietary patterns and determine which 
patterns are more significantly associated with undiagnosed prediabetes and undiagnosed 
diabetes that can be eliminated in either the prediabetes stage to prevent progression to 
diabetes or in the diabetes stage to prevent further diabetes complications. Furthermore, 
this study is needed in order to assess whether knowledge of diabetes status leads to lower 
frequency of consumption of foods associated with increased diabetes risk, providing 
implications for undiagnosed populations with respect to increased awareness of their 
condition and increased education about risky dietary patterns.  
Problem Statement 
Certain dietary patterns significantly increase the risk of diabetes while other 
patterns significantly decrease the risk. However, little is known about the relative 
contribution of these dietary patterns to the development or mitigation of diabetes, 
especially among patient populations in the early stages of the disease process (i.e., those 
with prediabetes or undiagnosed T2DM). Thus, there is a need to improve knowledge of 
the dietary patterns most significantly associated with undiagnosed prediabetes and 
undiagnosed diabetes. Presumably, lack of awareness is a major hindrance to adopting 
healthier eating patterns to reduce one’s diabetes risk. However, prior studies have failed to 




diabetes risk prior to the screening test (Silverman et al., 2011) or to measure whether 
awareness of diabetes status is a predictor of adherence (Jensen & Sherman, 2014; Mann & 
Morenga, 2013). Thus, there is a second critical need to increase knowledge about the 
association between awareness of risk status and adherence to risky dietary patterns among 
different diabetes groups. Addressing these two critical gaps in knowledge will aid 
prevention efforts aimed at those unaware of their diabetes risk status.  
This study will build upon this recent body of work by examining the relation of 
diabetes awareness with dietary patterns of individuals with diabetes. This study will also 
address a meaningful gap in the current literature regarding the exposure to risky dietary 
patterns among persons with clinical defined prediabetes or diabetics that are reportedly 
unaware of their condition based on self-reports that they had not been told by a doctor that 
they have diabetes or borderline diabetes. To our knowledge, this is the first study to 
compare the exposure to risky dietary patterns among individuals in different stages of 
diabetes. 
Purpose 
The present study will seek to advance current understanding of known dietary 
patterns associated with diabetes by comparing the relative adherence to these diets among 
different diabetes groups. The rationale for the research is that dietary patterns are likely to 
differ based on an individual’s perceived risk of illness. In other words, compared to 
individuals who are unaware of their disease status (i.e., undiagnosed), individuals with 
known (i.e., diagnosed) chronic disease status are more likely to follow recommended 




condition. This study will seek to determine if certain dietary patterns are more frequently 
consumed by those with undiagnosed prediabetes and undiagnosed T2DM. Improved 
knowledge of these risky dietary patterns could lead to lower consumption of these foods 
by individuals at greatest risk, thus, effectively preventing or reducing the occurrence of 
new cases. This quantitative study will compare exposures to diabetes-associated dietary 
patterns among undiagnosed diabetes groups using publically available data from 
NHANES. 
The NHANES survey includes a dietary recall component in which respondents are 
asked to report all foods and beverages consumed within 24 hours of the survey interview 
(CDC, 2013). Respondents are also asked within a household questionnaire component of 
NHANES to report whether or not they have ever been diagnosed with T2DM. Blood 
glucose values of NHANES respondents are also collected within the laboratory 
component of the survey. These sources of data will be combined in order to identify 
diagnosed T2DM, undiagnosed T2DM, diagnosed prediabetes, and undiagnosed 
prediabetes cases and their corresponding dietary habits. Adherence to distinct dietary 
patterns associated with T2DM risk will serve as the primary dependent variable while 
diabetes status will serve as the primary independent variable. A dichotomous variable 
regarding diet adherence scores that are above or below the median score of the study 
population will be created for purposes of running logistic regression analyses with dietary 
adherence as the dependent variable. A dichotomous variable regarding known versus 
unknown diabetes status will also be created in order to flag diabetes cases who are aware 




role of diabetes awareness on eating habits. Other covariates associated with diabetes will 
also be included, such as age, gender, race, family history of diabetes, body mass index 
(BMI), and physical activity level, (Diabetes Prevention Program Research Group, 2002). 
Research Questions/Hypotheses 
This study will examine one primary and two secondary research questions.  
Research question 1 (primary): Among individuals with no diabetes, undiagnosed 
prediabetes, undiagnosed T2DM, diagnosed prediabetes, and diagnosed T2DM,  is there a 
statistically significant difference in the mean adherence scores of dietary patterns known 
to increase the risk of diabetes? The null hypothesis is that there is no statistically 
significant difference in the mean adherence scores of dietary patterns known to increase 
the risk of diabetes. The alternative hypothesis is that there is a statistically significant 
difference in the mean adherence scores of dietary patterns known to increase the risk of 
diabetes among different diabetes subgroups.   
Research question 2: Among individuals with no diabetes, undiagnosed prediabetes, 
undiagnosed T2DM, diagnosed prediabetes, and diagnosed T2DM, is there a statistically 
significant difference in the mean adherence scores of dietary patterns known to decrease 
the risk of diabetes? The null hypothesis is that there is no statistically significant 
difference in the mean adherence scores of dietary patterns known to decrease the risk of 
diabetes. The alternative hypothesis is that there is a statistically significant difference in 
the mean adherence scores of dietary patterns known to decrease the risk of diabetes among 




Research question 3: Among all diabetes groups, what are the odds of adherence to 
dietary patterns known to increase the risk of diabetes, adjusting for covariates? The null 
hypothesis is that the odds of adherence to “risky” dietary patterns are not statistically 
different among the different diabetes groups. The alternative hypothesis is that the odds of 
adherence to ”risky” dietary patterns are statistically different among the different diabetes 
groups.   
Research question 4: Among all diabetes groups, what are the odds of adherence to 
dietary patterns known to decrease the risk of diabetes, adjusting for covariates? The null 
hypothesis is that the odds of adherence to “protective” dietary patterns is not statistically 
different among the different diabetes groups. The alternative hypothesis is that the odds of 
adherence to “protective” dietary patterns is statistically different among the different 
diabetes groups.  
Research question 5: Among all diabetes groups, are self-perception of diabetes risk 
and knowledge of diabetes status significant predictors of adherence to dietary patterns 
associated with diabetes risk, adjusting for covariates? The null hypothesis is that self-
awareness of diabetes status and self-perception of diabetes risk are not statistically 
significant predictors of adherence to dietary patterns. The alternative hypothesis is that at 
least one of the variables self-awareness of diabetes status and self-perception of diabetes 
risk is a statistically significant predictor of adherence to dietary patterns.  
For each research question, any findings of statistical significance will be further 
assessed for clinical significance, as the latter would more directly correlate with future 




Nature of the Study 
The nature of the study will consist of a retrospective, cross-sectional study design 
using secondary data from NHANES. The rationale for using a quantitative approach is 
that the collected NHANES variables are quantitative in nature, which rules out a 
qualitative design. That is, the NHANES data set consists of nationally -representative 
survey data pertaining to food intakes and diabetes status of U.S. adults. This study will 
capitalize on this existing dataset rather than select a different study design and data 
collection approach. Furthermore, previous studies with a similar research question 
regarding dietary patterns and chronic disease risk have used a quantitative approach and, 
thus, this research would contribute to this body of work by applying similar methods in a 
different context. 
The sampling approach for NHANES consists of multistage probability sampling; 
the first stage includes stratified sampling and a subsequent stage includes cluster sampling 
(CDC, 2013). By default, this study will adopt the same sampling procedure and will select 
study participants from a secondary dataset. Specific inclusion criteria for the sample 
selection include completion of the dietary recall component and providing a response to 
the survey question regarding T2DM diagnosis by a doctor. The analytic approach for the 
study will consist of ANOVA analyses comparing the mean number of risky meals and 
healthy meals consumed across different diabetes groups. In addition, multiple logistic 
regression analyses will be conducted to determine the odds of adherence to specific 
dietary patterns among different diabetes groups. Separate regression models will be 




diabetes status as the main independent variable, and demographic and other T2DM-
associated covariates as secondary independent variables. 
Theoretical Framework 
The health belief model (HBM) is a well-known health behavior theory which 
suggests that an individual’s decision to adopt positive health behavior change is 
influenced by the individual’s perception of the risks, negative health consequences, 
barriers, and benefits associated with continuing to engage in the behavior (Glanz & 
Bishop, 2010). The HBM is applicable to the dissertation topic given the notion that an 
individual’s perception of their personal risk of developing prediabetes or T2DM may 
influence their health behavior with respect to adopting a healthier diet. In this regard, 
observed differences in the consumption of foods associated with increased risk of 
prediabetes or T2DM among individuals with known diabetes versus unknown diabetes 
may reflect differences in dietary behavior modification that is directly correlated with 
knowledge of health status. NHANES participants are asked directly about their perceived 
risk of diabetes, and this information can be used to test the applicability of the HBM. 
Specifically, perception of diabetes risk can be included in a statistical model to determine 
if this variable is a statistically significant predictor of consuming a healthy diet. 
Definitions 
The following definitions, mostly derived from the Merriam Webster Online 
Medical Dictionary and eMedicineHealth.com, relate to key terms used in the study: 
• Body mass index (BMI): A measure of the amount of fat in the body based on the 




• Diabetes: A condition in which the body produces insufficient insulin to 
adequately control the amount of sugar in the blood. For purposes of this study, all 
references to “diabetes” will pertain to Type 2 diabetes and participants with Type 1 
diabetes or gestational diabetes will be excluded (Diabetes, n.d). 
• Diagnosed diabetes: For purposes of this study, diagnosed diabetes refers to self-
reports of study participants that they were previously told by a doctor that they have 
diabetes, and measurements of their blood glucose levels confirm the diagnosis. 
• Dietary pattern: Patterns of dietary intake depicting foods eaten in combination 
with other foods, allowing for a more accurate assessment of an individual’s diet as 
opposed to an analysis of individual food items, food groups, or nutrients (Hu, 2002). 
• Fasting blood glucose: A measure of the amount of sugar in the blood after fasting 
overnight (normal range=70-100 mg/dL, diabetic range is >=126 mg/dL) (Fasting blood 
glucose, 2012). 
• Glucose intolerance (aka impaired glucose tolerance aka impaired fasting 
glucose): Another term for prediabetes that describes a transition phase between normal 
blood glucose and diabetes (Impaired glucose tolerance, 2012). 
• Hemoglobin A1c (HbA1c): A measure of the average amount of sugar in the blood 
for the previous 2-3 months (Hemoglobin A1c, n.d.). HbA1c levels between 5.7-6.4% 
typically indicate prediabetes while levels greater than or equal to 6.5% typically indicate 
diabetes. 
• Oral glucose tolerance test (OGTT): A test that measures the ability of the body to 




2012). OGTT levels greater than or equal to 200 mg/dL usually indicates diabetes (Sacks, 
2011). 
• Prediabetes: A transition phase between normal blood glucose and diabetes. 
Fasting blood glucose levels normally range from 70-100 mg/dL. The range for prediabetes 
is 100-125mg/dL. (Prediabetes, n.d.) 
• Type 2 diabetes mellitus (T2DM): A chronic disease characterized by an 
abnormally high level of glucose in the blood. The normal range is 70-100 mg/dL, and a 
level greater than or equal to 126 mg/dL usually indicates diabetes. (Type 2 diabetes, 
2013). 
• Undiagnosed diabetes: For purposes of this study, undiagnosed diabetes refers to 
self-reports of study participants that they were not previously told by a doctor that they 
have diabetes, and measurements of their blood glucose levels indicate that they have 
diabetes. 
Assumptions 
A major assumption of the study is that self-reported information collected in 
NHANES represents truthful and accurate information. This assumption is critical to the 
meaningfulness of the study given the study’s reliance on self-reported data on diabetes 
diagnosis to distinguish individuals who are aware versus unaware of their diabetes status. 
Another assumption is that people with diabetes were selected from the same reference 
population as those with no history of diabetes and that each group had an equal probability 
of selection. These assumptions were necessary in the context of this study using secondary 




Scope and Delimitations 
This study seeks to compare the frequency of adherence to diabetes-associated 
dietary patterns among individuals in different stages of diabetes in order to address the 
research problem about limited knowledge of eating behaviors of persons unaware of their 
diabetes status. This specific aspect of the research problem was selected for investigation 
given the social change implications of identifying high-risk behaviors among unaware 
high-risk groups. 
The target population for the study is U.S. adults aged 20 years and older. The 
primary reason for targeting this population is that Type 2 diabetes prevalence in the U.S. is 
highest among this group (CDC, 2014). Based on the assumption that children are unlikely 
to access nutritional health promotion messages targeted for adults, children will not be 
included in the study. Furthermore, the diets of children are more likely to reflect parental 
food choices rather than their own. For the purpose of this study, the study population will 
further be restricted to individuals who completed a dietary recall, laboratory testing for 
diabetes, and answered the questionnaire item on diabetes diagnosis by a doctor. Given the 
national representativeness of NHANES populations, findings from this study are likely 
generalizable to other subsamples of the U.S. population. 
Limitations 
This study may be vulnerable to certain threats to internal validity, such as selection 
bias, information bias, interviewer bias, and residual confounders. 
There is a potential for selection bias because diabetes cases that completed a 




than individuals with no history of diabetes, based on a greater probability of diabetes 
diagnosis associated with exposure to certain foods in the diet (Szklo & Nieto, 2014, 
p.133). Incidence-prevalence bias is another type of selection bias that occurs if confirmed 
diabetes cases are included in diabetes risk analyses (Szklo & Nieto, 2014, p.135). That is, 
the inclusion of diseased individuals in analyses regarding disease risk could lead to biased 
results. Selection bias may be reduced by ensuring that the participants with diabetes and 
those without diabetes originate from the same reference population or that their 
characteristics are as similar as possible (Szklo & Nieto, p. 26). Potential methods for 
verifying similar characteristics between diabetics and nondiabetics include comparing 
measures of central tendency and conducting chi-square analyses to check for significant 
associations between study variables by diabetes status.  
Information bias and interviewer bias may also pose a threat to the internal validity 
of the study. One potential source of information bias in the study is response bias 
associated with inaccurate reports of healthy eating behavior or diabetes diagnosis by study 
participants. Specifically, participants may underreport their consumption of unhealthy 
foods or their diabetes diagnosis based on a perceived social undesirability associated with 
poor eating habits or poor health status. Interviewer bias occurs when nonverbal 
interviewer expressions or cues subsequently influence interviewee responses (Szklo & 
Nieto, 2014, p.119). This could also threaten the validity of the study by potentially 
increasing the likelihood of underreporting of unhealthy eating or diabetes status. 
Biological and physiological measurements collected in the NHANES survey can 




information bias (CDC, 2013). For example, self-reported diabetes diagnosis can be 
validated using biological measurements of blood glucose levels such as fasting blood 
glucose and HbA1c. In addition, the use of a standardized interview script (CDC, 2013) 
helps to control for interviewer bias and decrease the likelihood that interviewers would 
interject their personal views or other cues that could influence interviewee responses. 
Furthermore, a logistic regression model can be useful for controlling for potential 
confounders that may influence the association between dietary pattern adherence and 
diabetes status. 
Residual confounders are variables not previously accounted for in the initial 
analytic procedure that may conceal the association between dietary patterns and diabetes 
status (Szklo & Nieto, 2014, pg.152). Potential residual confounders may include health 
insurance status, education level, and occupation. Individuals with health insurance may be 
at a greater advantage to receive recommendations about healthy eating from a physician or 
other health care provider compared to individuals with no health insurance. Educational 
level may also be a confounder given that individuals with more years of education 
completed may be more knowledgeable about diabetes prevention strategies than 
individuals with fewer years of education. Similarly, individuals in health-oriented 
occupations (e.g., medicine, nursing, nutrition) may be more knowledgeable about diabetes 
prevention strategies than individuals outside of the health care or health promotion 
industry.  
Ethical concerns must also be considered with respect to the validity of the study. 




sensitive health information via an in-person interview, which inhibits anonymity in 
collected responses. The most effective measure to ensure confidentiality of reported 
information is to remove all personal identifiers (e.g., names, date of birth) and to randomly 
assign a unique ID number to each respondent so that it is impossible to link the unique ID 
back to the respondent providing the information (CD, 2013). Another approach for 
protecting and maintaining confidentiality of reported information is to conduct group-level 
rather than person-level information, such as reporting the average age of diagnosed 
diabetes cases rather than listing all ages with corresponding frequencies, which could 
threaten the confidentiality of respondents reporting low-frequency ages. To ensure 
compliance with maintaining ethical standards of research, this study will undergo an 
approval process by an Institutional Review Board, per standard protocol of initiating new 
research with Walden University. 
Significance 
This study may contribute new information to the field of public health regarding 
the eating patterns of high-risk diabetes groups who are unaware of their disease status. 
This study will seek to advance the field of public health by applying the health belief 
model in a different context and providing scientific evidence of the impact of disease 
awareness on current dietary patterns. A potential social change implication from this study 
includes increased efforts to educate U.S. adults about specific dietary patterns associated 
with increased risk of diabetes that should be consumed less frequently. Furthermore, this 





Summary and Transition 
This chapter provided a general overview of prediabetes and undiagnosed diabetes 
as major public health concerns, including a summary of the most commonly-used 
diagnostic and screening tools available. This chapter also summarized the current state of 
knowledge of the association of diet and diabetes, including specific diets that are more 
likely to increase or decrease the risk of developing diabetes. Furthermore, this chapter 
introduced the research problem concerning limited knowledge of the relative importance 
of dietary patterns that influence the risk of diabetes and introduced several research 
questions and corresponding hypotheses. Chapter 2 will provide a more thorough review of 
















Chapter 2: Literature Review 
Introduction 
A current problem in the area of diabetes prevention is that there are multiple diets 
known to significantly influence diabetes risk, yet not much is known about how the 
relative risks of the diets compare. Existing investigations of the diet-diabetes association 
often comprise samples of patients who have knowledge of their diabetes status; 
conversely, few studies have investigated the diets of individuals in the early stages of 
diabetes, namely, those with prediabetes or those not yet diagnosed. A major assumption of 
the present study is that individuals who are unaware of their diabetes status are more likely 
to engage in risky eating behaviors than those who are aware of their status. That is, lack of 
awareness may significantly delay efforts to adopt healthier eating patterns. The purpose of 
this study is to examine the validity of this assumption and compare the adherence to diets 
known to increase diabetes risk between individuals who are knowledgeable versus 
unknowledgeable about their diabetes status. This study will determine if certain dietary 
patterns known to increase diabetes risk are more frequently consumed by those with 
undiagnosed prediabetes and undiagnosed T2DM than those with no history of diabetes. 
Findings from this study could provide new insights that, ultimately, could be used to help 
reduce the risk of diabetes and delay the progression of prediabetes to diabetes.  
The current literature is filled with examples of dietary patterns significantly 
associated with diabetes risk. Individual dietary components, from foods to specific 
nutrients found within foods, may act singly or in an additive or multiplicative manner to 




diabetes. A better understanding of how the different dietary patterns compare with respect 
to the risk of diabetes could lead to new insights about the dietary patterns that most 
significantly influence the risk of diabetes.  In turn, this could improve current knowledge 
about the effects of specific food combinations and individual food groups on subsequent 
diabetes outcomes. 
The following chapter presents a critical review of the literature to establish the 
current state of understanding of diet-diabetes associations. Specifically, this chapter 
highlights specific foods, food groups, and dietary patterns that are significantly associated 
with increased or decreased diabetes risk. A brief introduction to the initiation of the study 
is described in the section regarding the literature search strategy, and application of the 
health belief model as the theoretical foundation for the study is also discussed. This 
chapter also outlines different methodologies used by previous researchers addressing 
similar research questions and lists the strengths, limitations, and knowledge gaps 
associated with these studies that will be addressed in the present study.  
Literature Search Strategy 
A search for research articles pertaining to dietary patterns associated with diabetes 
began with a review of the PubMed, Cumulative Index of Nursing and Allied Health 
(CINAHL), EBSCO Academic Search Premier, Google Scholar, Science Direct, and 
MEDLINE databases available from the Walden University library. Additional efforts to 
retrieve relevant research articles included a review of the references listed at the end of 




combination were as follows:  “diabetes”, “dietary patterns”,  “borderline diabetes”, 
“prediabetes”, “glucose intolerance”, and “diet”.   
The selection of articles was restricted to those published in peer-reviewed journals 
within the past 10 years containing diet and diabetes-related search terms. Priority was 
given to articles with electronic full-text download capabilities.  Search results were 
evaluated for content that specifically addressed the primary goals of the research. Selected 
articles were categorized into three broad groups based on their relevance to specific 
sections of the dissertation: background/introduction, literature review, and theoretical 
framework. Specifically, the background/introduction articles pertained to general 
information about diabetes as an important public health concern, methods for screening 
and diagnosing diabetes, the current state of knowledge of prediabetes and undiagnosed 
T2DM, and an overview of existing research on the association of diet and diabetes. The 
literature review articles pertained to existing research on specific diets significantly 
associated with increasing or decreasing the risk of diabetes, and the theoretical framework 
articles pertained to existing research supporting the theoretical framework of the 
dissertation. The three broad categories were further divided into subcategories depicting 
relevant themes common to multiple research studies. In some cases, there was limited 
current research on a given topic, such as the association of diet with prediabetes and 
undiagnosed T2DM, and this helped to support the problem statement regarding the gap in 
current knowledge. A review of the future research implications and research limitations 




supported the problem statement and the claim that the research problem was current and 
relevant. 
Theoretical Foundation 
The HBM is one of the most popular theories in the field of public health. Irwin M. 
Rosenstock initially proposed the theory in a 1966 publication describing health care use 
among ill populations (Glanz, Rimer, & Viswanath, 2008). Rosenstock proposed that 
psychological and physical factors could independently influence human behavior. 
Rosenstock presented a new way of thinking about health behavior, and his work is 
regarded as the first written documentation of what is now known as the HBM. Based on 
the HBM, multiple psychological and physical factors all work together to influence 
decisions about health behaviors; these factors include perceived risks, perceived barriers, 
and the severity of negative outcomes (Glanz & Bishop, 2010). Another tenet of the HBM 
is that self-perceived risks associated with a given behavior significantly influence an 
individual’s willingness to modify their behavior (Glanz & Bishop, 2010).  
The HBM was one of the first health behavior theories to suggest that health 
behavior is influenced by internal human thought processes (Glanz & Bishop, 2010), and 
the model serves as a conceptual framework for subsequent health behavior theories. The 
HBM may also provide a framework for diabetes prevention interventions aimed at 
identifying appropriate strategies for reducing diabetes risk factors among patients (Glanz 
& Bishop, 2010). One of the limitations of the HBM is that it does not account for different 
stages of readiness for behavior change. Moreover, given the influence of multiple 




factor from another, making it difficult to effectively apply the theory for certain health 
behaviors (Dedeli  & Fadiloglu, 2011). Despite these limitations, the HBM is important for 
public health research because it provides a framework for linking health behaviors with 
psychological processes. The theory provides a central foundation for subsequent health 
behavior theories, qualifying it as a leading theoretical model for public health prevention 
activities (Glanz & Bishop, 2010). 
Consistent with the HBM, individuals who are knowledgeable about healthy eating 
and nutritional guidelines are more likely to adopt healthier diets as a result of feeling more 
confident about how to effectively implement a healthy dietary plan (Edman, Diamond, 
Wortman, & Carballo-Sayao, 2011). Similarly, individuals with diabetes who are more 
adherent to healthy dietary patterns are more likely to feel a greater sense of confidence in 
controlling their diabetes (Gherman et al., 2011).  Based on the concepts of the HBM, 
healthy eating behavior stems from a unique way of thinking about one’s ability to control 
health outcomes and one’s perceptions of the risks associated with not adopting healthier 
behaviors (Sapp & Jensen, 1998; Harvey & Lawson, 2009). 
The HBM relates to the present study given the idea that current healthy or 
unhealthy eating behavior may reflect an individual’s self-perception of diabetes risk. In 
other words, if those with undiagnosed diabetes have higher dietary adherence scores for 
unhealthy eating patterns than those with diagnosed diabetes, then these differences may be 
attributed to differences in knowledge of recommended nutritional guidelines that is 
directly related to knowledge of current health status. One caution with applying the HBM 




context. For example, in the present study it would be difficult to ascertain subsequent 
eating patterns following diabetes diagnosis or to presume a cause and effect relationship 
using a cross-sectional research design. That is, it is unknown whether people’s perceptions 
of the risks of unhealthy eating is a consequence of unhealthy eating behaviors, whether 
people adopt unhealthy eating behaviors as a consequence of their perceptions of unhealthy 
eating, or if potential biological factors mediate the relationship between perceptions and 
behaviors (Gherman et al., 2011). Furthermore, it is difficult to observe whether dietary 
patterns measured at a single point in time are consistent over a long duration period 
(Archer et al., 2004). 
Literature Review Related to Key Variables and Concepts 
An extensive review of the literature was conducted to synthesize current 
knowledge of diet-diabetes associations.  Many of the reviewed studies described 
individual food groups associated with diabetes incidence or diabetes risk whereas others 
pertained to specific food group combinations or dietary patterns. There are pros and cons 
associated with studying dietary patterns as opposed to single food groups. Unlike single 
food group analyses, dietary pattern analysis captures synergistic and antagonistic effects 
of food combinations that reflect the cumulative effect of individual foods on diabetes risk 
(Erber et al., 2010; Fung, Schulze, Manson, Willett, & Hu, 2004). On the other hand, a 
limitation of dietary pattern analysis is the difficulty in separating the independent effects 
of food groups, specific foods, or particular nutrients that may play an important role in 




broad themes: Individual food groups or dietary patterns associated with increased diabetes 
risk and Individual food groups or dietary patterns associated with decreased diabetes risk.   
Individual Food Groups or Dietary Patterns Associated with Increased Diabetes Risk  
Meat. Previous studies found a positive association between meat consumption 
and the risk of T2DM.  A systematic review and meta-analysis of the effects of meat 
consumption on T2DM risk found that individuals who consumed a high intake of meat 
(defined as more than the average daily amount) were 1.17 times more likely to develop 
diabetes than those who consumed a low intake, and the risk was even higher when meats 
were divided into red meats (RR=1.21) and processed meats (RR=1.41) (Aune, Ursin, & 
Veierød, 2009). A prospective cohort study of over 16,000 European adults similarly found 
that a high consumption of red and processed meats significantly increased the incidence of 
T2DM (HR=1.08 and HR=1.12, respectively), and these results varied by gender, as the 
risk estimates were slightly lower in women (HR=1.06 and 1.08, respectively); poultry 
consumption also emerged as a significant risk factor for women (HR=1.20); see InterAct 
Consortium, 2013). Gender differences in the association of meat consumption and T2DM 
were also observed in a large prospective cohort study of Japanese American and Native 
Hawaiian participants. Specific findings revealed that men who consumed high quantities 
of meat were 1.40 times as likely and women were 1.22 times as likely to develop diabetes 
in comparison to those who did not consume high quantities of meat (Erber et al., 2010). 
The lower risk of T2DM in women in comparison to men was most likely due to a lower 




A recent prospective cohort study of over 40,000 African-American considered the 
setting of meat food preparation in the association of meat consumption and diabetes. The 
rationale for the research was that meat foods prepared in fast-food restaurants often 
contain higher cholesterol levels and larger portions sizes in comparison to foods prepared 
in a private home, thus, frequent consumption of fast-food meat-containing meals could 
significantly increase the risk of diabetes (Krishnan, Coogan, Boggs, Rosenberg, & Palmer, 
2010). The results indicated that consumption of meat foods in a fast-food restaurant 
setting was significantly associated with increased risk of T2DM. Women in the study who 
consumed at least 2 fried chicken meals per week or at least 2 hamburger meals per week 
from a restaurant were 1.27 and 1.15 times as likely, respectively, to develop diabetes in 
comparison to those who reportedly consumed no meat-containing meals from a fast-food 
restaurant in the past year, adjusting for key demographics (age, BMI, family history of 
diabetes, education), lifestyle (e.g., television-viewing, physical activity level), dietary 
factors (e.g., consumption of other unhealthy foods), and BMI (Krishnan, Coogan, Boggs, 
Rosenberg, & Palmer, 2010). These results may relate more to the food preparation 
practices in fast-food settings, such as frying or adding fat to meats during cooking, as 
these methods are associated with increased diabetes risk (Archer et al., 2004). 
One mechanism by which meat intake could increase the risk of T2DM is through 
the influence of total fat and saturated fat consumption on obesity, hyperglycemia, and 
other risk factors that are strongly associated with T2DM incidence (Aune, Ursin, & 
Veierød, 2009). Another mechanism is through the influence of heme iron, a major 




insulin-producing function of the pancreas (Aune, Ursin, & Veierød, 2009; InterAct 
Consortium, 2013). In a systematic review of 31 research studies, heme iron from red 
meat—but not from other sources—was positively associated with T2DM, suggesting that 
other components of red meat besides the heme iron may explain the association with 
T2DM (Murakami, Okubo, & Sasaki, 2005). The association may be explained by the 
influence of nitrite, a commonly used meat preservative, which could be converted to 
nitrosamines in the stomach and impair the functioning of the pancreas to produce insulin 
(Aune, Ursin, & Veierød, 2009; InterAct Consortium, 2013). 
High meat intake is often associated with an unhealthy lifestyle, including low 
physical activity, smoking, and consuming unhealthy foods (Aune, Ursin, & Veierød, 
2009).  As shown in previous studies, the positive association of meat consumption with 
diabetes risk persists after adjustment for the potential combined effects of meat with other 
unhealthy food groups (Murakami, Okubo, & Sasaki, 2005; Aune, Ursin, & Veierød, 2009; 
InterAct Consortium, 2013). This finding suggests that the elimination of meat food groups 
from the diets of individuals with no history of diabetes could significantly decrease the 
risk of developing diabetes, and it further suggests that a high adherence to dietary patterns 
that do not include meat food groups could significantly decrease diabetes risk.  
Eggs. Egg consumption, like meat, is associated with greater T2DM risk. In a 
prospective cohort study of health professionals, men and women who consumed at least 7 
eggs per week were 1.58 and 1.77 times as likely, respectively, to develop diabetes 
compared with those who reported no egg consumption (Djoussé, Gaziano, Buring, & Lee, 




were also twice as likely to develop cardiovascular disease compared with diabetic men 
who did not consume eggs (Hu et al., 1999). According to a recent systematic review, an 
increment of 4 eggs per week increased the risk of diabetes by 29% (pooled RR=1.68, 95% 
CI=[1.41-2.00]; see Li, Zhou, Zhou, & Li, 2013). 
The association of egg consumption and diabetes risk may be explained by the 
saturated fat or cholesterol content of eggs. However, high egg consumption may also be 
correlated with the adherence to unhealthy dietary patterns, such as a high red and 
processed meat intake and a low fruits and vegetables intake (Hu et al., 1999; Li, Zhou, 
Zhou, & Li, 2013). Thus, given that eggs are commonly consumed in combination with 
other unhealthy foods or as an ingredient in composite foods, the negative health effects of 
other foods eaten in combination with eggs could overestimate the independent effect of 
eggs on adverse health events (Djoussé, Gaziano, Buring, & Lee, 2009).  
White rice. White rice consumption is positively associated with an increased risk 
of T2DM. A prospective cohort study of US health professionals found that consuming 5 or 
more servings of white rice per week was associated with a 17% increase in diabetes risk 
(95% CI=[1.02, 1.36]; see Sun et al., 2010). A systematic review and meta-analysis of four 
prospective cohort studies of over 350,000 Asian and Western populations concluded that a 
1-unit increase in daily servings of white rice was associated with an 11% increase in the 
relative risk of T2DM among consumers compared with non-consumers (95% CI=[1.08, 
1.14]), and the risk was even higher when the study population was restricted to Chinese 
and Japanese groups (RR=1.55, 95% CI=[1.20, 2.01]; see Hu, Pan, Malik, & Sun, 2012). 




for T2DM among populations of Asian ancestry, and stratification by ethnic groups in 
statistical analyses is essential for an accurate assessment of the association. 
The positive association between white rice and T2DM likely reflects the high 
glycemic index and low levels of insoluble fiber and magnesium content of white rice. The 
glycemic index is a quantitative measure of how much a carbohydrate-containing food 
increases the amount of sugar in the blood (Diabets.org, 2015). White rice has a higher 
glycemic index than brown rice and whole grains, and the lower glycemic index of these 
two foods may explain their association with decreased diabetes risk (Sun et al., 2010; Hu, 
Pan, Malik, & Sun, 2012; Ye, Chacko, Chou, Kugizaki, & Liu, 2012). Compared with 
brown rice and whole grains, white rice is also lower in insoluble fiber and magnesium, 
two nutrients that are significantly associated with reduced T2DM risk (Hu, Pan, Malik, & 
Sun, 2012). Specifically, high-fiber foods significantly lower insulin levels by influencing 
digestive system processes such as gastric emptying and intestinal macronutrient 
absorption, and magnesium influences the function of insulin receptor proteins that are 
essential for maintaining appropriate insulin levels in the blood (Salmeron et al., 1997; 
Schulze et al., 2007). 
Western dietary pattern. The Western dietary pattern is characterized by a high 
consumption of high-fat dairy products red and processed meats, refined grains, fried 
starchy foods, and sugary foods (Perry, 2002). Given the high intake of sugary foods, the 
Western diet is significantly associated with an increased likelihood of elevated HbA1c 
levels (Kerver, Yang, Bianchi, & Song, 2003). Recall that HbA1c is a marker of increased 




is also associated with a 60% increased risk of diabetes (RR=1.6, 95% CI=[1.3,1.9]), and 
combining the diet with low physical activity or obesity further increases the risk (Perry, 
2002). In a prospective cohort study of nearly 70,000 women over the age of 35, adherence 
to the Western diet increased the risk of T2DM by 49% (RR=1.49, 95% CI=[1.26,1.76]), 
and the risk still remained high when the analysis was stratified by specific components of 
the diet, such as red meats (RR=1.26, 95% CI=[1.21,1.42]) and total processed meats 
(RR=1.38, 95% CI=[1.23,1.56]; see Fung, Schulze, Manson, Willett, & Hu, 2004). Given 
the attenuated increase in risk observed in the stratified analysis compared with the risk 
observed for the full diet, it is clear that meats alone do not fully account for the increased 
risk in diabetes associated with the Western diet; furthermore, it is important to consider 
other components of the diet to more fully understand diabetes risk associated with the 
Western diet. 
Conservative dietary pattern. The conservative dietary pattern features a high 
consumption of red meats, whole milk, butter, and potatoes (Montenen et al., 2005). The 
relative risk of diabetes associated with high adherence to the conservative diet was found 
to be 1.49 (95% CI=[1.11, 2.00]) in a Finnish cross-sectional study of approximately 4,000 
men and women aged 40-69 years (Montenen et al., 2005). However, it is difficult to find 
other published studies that consider the role of the conservative diet as a risk factor for 
diabetes. Thus, it is of interest to the present study to further investigate the association of 





Individual Food Groups or Dietary Patterns Associated with Decreased Diabetes Risk  
Dairy. Dairy was the most frequently-cited protective food group identified in the 
literature, but its association with diabetes risk was inconsistent across multiple studies, 
leading to the conclusion that the association of dairy intake and diabetes risk remains 
unclear. First, in a meta-analysis of 3 prospective cohort studies of diary intake among US 
health professionals of European ancestry, total dairy was not found to be significantly 
associated with diabetes risk (Chen et al., 2014). Similarly, in a population-based case-
cohort study of men and women from the United Kingdom, there was no significant 
association between total dairy intake and diabetes risk (O’Conner et al., 2014). However, 
other studies have reported an inverse association, that is, a decreased risk of diabetes 
following high dairy intake. In two prospective cohort studies of nondiabetic individuals, 
one daily serving of dairy was associated with a 9% reduced risk of T2DM (Choi et al., 
2005), and, a 1-unit increase in daily servings of dairy was associated with a 4% lower risk 
of diabetes (Liu et al., 2006). Multiple studies have found that the risk of T2DM for dairy 
consumers is approximately 0.85 times the risk for non-dairy consumers, even if dairy 
foods are consumed at low levels (95% CI=[0.79-0.92]) (Elwood, Pickering, Givens, & 
Gallacher, 2010; Margolis et al., 2011; Tong, Dong, Wu, Li, & Qin, 2011). A systematic 
review and meta-analysis also concluded that an inverse association exists between total 
dairy product intake and T2DM risk (summary RR=0.93, 95% CI=[0.87,0.99]) (Aune, 
Norat,  Romundstad, & Vatten, 2013), and the reported positive benefits of dairy 
consumption on diabetes risk may occur in a dose-response manner, for the higher the 




2013). Perhaps distinguishing between low-fat and high-fat dairy products may help to 
resolve discrepant findings regarding the role of dairy intake on diabetes risk (Liu et al., 
2006). 
The association between specific dairy products and T2DM risk is also unclear. 
Some studies have shown that milk, cheese, and yogurt foods do not significantly influence 
diabetes risk (Aune, Norat,  Romundstad, & Vatten, 2013; Elwood, Pickering, & Fehily, 
2007) whereas others have found significant associations among specific dairy products. 
For example, yogurt intake was found to be a significant protective factor against the 
development of diabetes (RR=0.82, 95% CI=[0.70, 0.97], HR=0.83, 95% CI=[0.75,0.92]) 
(Liu et al., 2006; Margolis et al., 2011; Tong, Dong, Wu, Li, & Qin, 2011; Chen et al., 
2014; O’Conner et al., 2014). Recommendations for future studies to reduce 
inconsistencies include controlling for more confounders and considering more subtypes of 
dairy food products. 
Studies suggest that dietary calcium, vitamin D, protein, magnesium, and fat found 
in dairy foods may all play a role in the mechanism by which dairy intake influences 
diabetes risk. Calcium and vitamin D have been found to increase the production of insulin 
and reduce insulin resistance, both which help to reduce the risk of diabetes (Tong, Dong, 
Wu, Li, & Qin, 2011; Aune, Norat,  Romundstad, & Vatten, 2013). Whey proteins and 
magnesium found in dairy foods may also protect against the development of diabetes by 
increasing insulin sensitivity and preventing weight gain. Calcium and whey proteins may 
also play a role in burning body fat, which reduces the risk of obesity which could 




 The role of dairy fat in the dairy-diabetes association is still unclear due to 
inconsistent findings across multiple studies (Kratz, Baars, & Guyenet, 2013), as some 
studies suggest no association between high-fat dairy products and diabetes risk (Margolis 
et. al 2011; Tong, Dong, Wu, Li, & Qin, 2011; Kalergis, Yinko, & Nedelcu, 2013; Chen et 
al., 2014) while multiple studies of low-fat dairy products have reported a decreased risk of 
diabetes (Choi et al., 2005; Liu et al., 2006; Margolis et al., 2011; Tong, Dong, Wu, Li, & 
Qin, 2011; Kalergis, Yinko, & Nedelcu, 2013; O’Conner et al., 2014). One explanation for 
the discrepant results is inconsistent adjustment for the strong influence of BMI on diabetes 
risk, as adjustment for BMI could minimize the beneficial effects of dairy fat on adiposity 
and thus, attenuate a potentially negative association between dairy fat intake and diabetes 
incidence (Kratz, Baars, & Guyenet, 2013).  
Fruits and vegetables. Nutritional guidelines from the U.S. Department of 
Agriculture suggests that fruits and vegetables should comprise at least 50% of the foods 
consumed at every meal in order to receive proper nutrients for strengthening the immune 
system and reduce the risk of chronic diseases (CDC, 2011). A systematic review and 
meta-analysis of literature pertaining to fruit and vegetable consumption and diabetes risk 
revealed that green leafy vegetable intake was associated with a 14% reduction in diabetes 
risk, yet no significant reduction was observed for total vegetable, total fruit, or fruits and 
vegetables combined (Carter, Gray, Troughton, Khunti, & Davies, 2010). Green leafy 
vegetables contain magnesium, which is associated with reduced diabetes risk; and, they 
also contain antioxidants and omega 3 polyunsaturated fatty acids, which help to prevent 




Fruit and vegetable intake may be measured according to the amount of daily 
servings, yet a more sensitive approach may be to consider biological markers such as 
plasma level C concentration (Carter, Gray, Troughton, Khunti, & Davies, 2010). Using 
this approach, Harding et al. (2008) found that a high plasma vitamin C level was 
significantly associated with a 62% reduction in diabetes risk (OR = 0.38, 95% CI=[0.28, 
0.52]). Vitamin C may help reduce the risk of diabetes based on its antioxidant properties 
which help to maintain proper glucose metabolism. Findings from the Harding et al. (2008) 
study suggest that consuming even a small quantity of fruits and vegetables could protect 
against the development of diabetes, and the more fruits consumed the lower the risk.  
Whole grains. Consumption of two servings per day of whole grains is associated 
with a 21% decreased risk ofT2DM in a prospective cohort of adult women (de Munter, 
Hu, Spiegelman, Franz, & van Dam, 2007), and general whole grain consumption was 
associated with a 26% reduction in T2DM based on a systematic literature review (Ye, 
Chacko, Chou, Kugizaki, & Liu, 2012). Whole grain foods include whole wheat, dark 
bread, oats, brown rice, rye, barley, and bulgur (Ye, Chacko, Chou, Kugizaki, & Liu, 
2012). Potential mechanisms by which the inverse association with T2DM occurs is 
through the cereal fiber and magnesium found in whole grains, both which have been found 
to be significantly associated with reduced diabetes risk (de Munter, Hu, Spiegelman, 
Franz, & van Dam, 2007; Krishnan et al., 2007; Ye, Chacko, Chou, Kugizaki, & Liu, 
2012). Another component of whole grains called lignans may also contribute to the 
inverse association given their antioxidant properties which could protect against the 




Furthermore, in comparison to refined grains, the intact structure of whole grains produces 
a lower glycemic index, which reduces the risk of diabetes (Ye, Chacko, Chou, Kugizaki, 
& Liu, 2012).  
Other protective food groups. Other food groups associated with decreased 
diabetes risk include Nuts, Legumes, and Brown rice foods.  Consumption of at least 1 
serving of walnuts per week was associated with a 19% reduction in diabetes risk among a 
large prospective cohort of women over the age of 50 (RR=0.81, 95% CI=[0.70-0.94]), and 
this association may be explained by the polyunsaturated fatty acids found in nuts which 
protect against the development of diabetes (Pan, Sun, Manson, Willett, & Hu, 2013). 
However, a systematic review of literature found that increased walnut consumption may 
not significantly improve blood glucose levels of patients with diabetes (Wheeler et al., 
2012). Similar findings suggest that legumes may significantly lower HbA1c levels in 
certain diabetic populations, but many studies did not indicate significant improvements in 
blood glucose levels among diabetic patients after increased consumption of legumes 
(Wheeler et al., 2012). High brown rice intake has been associated with an 11% reduction 
in diabetes risk (RR=0.89, 95% CI=[0.81-0.97]), and substituting brown rice for white rice 
is recommended for significant reduction in diabetes risk (Sun et al., 2010).  
Mediterranean dietary pattern. The Mediterranean diet (MedDiet) features a high 
consumption of fruits, grains, legumes, nuts, olive oil, vegetables, moderate amounts of 
fish and wine, and low amounts of processed meats, red meats, and high-fat dairy products 
(Martínez-González et al., 2008; Salas-Salvadó et al., 2011). The diet is also generally 




fat ratio (primarily due to replacing saturated fats used in cooking with virgin olive oil; see 
Ben-Avraham, Harman-Boehm, Schwarzfuchs, & Shai, 2009; Esposito, Maiorino, Ceriello, 
& Giugliano, 2010). Adherence to the MedDiet is typically measured using an index score 
ranging from 0 to 1 that takes into account the daily intake of each food group included in 
the diet (Trichopoulou et al., 1995). MedDiet adherence is associated with a 0.41 point 
reduction in diabetes risk (95% CI=[0.19-0.87]) (Martínez-González et al., 2008; Ben-
Avraham, Harman-Boehm, Schwarzfuchs, & Shai, 2009), and  in a prospective cohort 
study of an initially health population, a two-point increase in adherence to the MedDiet 
was associated with a 35% reduction in diabetes risk (Martínez-González et al., 2008). In a 
systematic review of the association of the MedDiet with diabetes risk, multiple studies 
confirmed that the MedDiet was significantly associated with improvements in fasting 
glucose and HbA1c levels (Esposito, Maiorino, Ceriello, & Giugliano, 2010; Itsiopoulos et 
al., 2011), and multiple studies confirm that close adherence to the diet could reduce the 
incidence of diabetes by 35-83% (Esposito, Maiorino, Ceriello, & Giugliano, 2010; Salas-
Salvadó et al., 2011).Furthermore, adherence to the MedDiet leads to lower all-cause 
mortality among diabetic patients, independently of the severity of diabetes (Bonaccio et 
al., 2015). 
The dietary components of the MedDiet such as fibers, magnesium, and unsaturated 
fats may all play an influential role in the mechanism by which the inverse association with 
diabetes risk occurs (Ben-Avraham, Harman-Boehm, Schwarzfuchs, & Shai, 2009). 
Regarding unsaturated fats such as olive oil, multiple studies suggest that the 




resistance and lead to improved insulin sensitivity (Martínez-González et al., 2008; 
Esposito, Maiorino, Ceriello, & Giugliano, 2010).  
Prudent dietary pattern. The Prudent diet includes high amounts of fruit and 
vegetables, low-fat dairy products, fish, pasta and rice (Perry, 2002). The prudent diet was 
associated with lower fasting blood glucose and a 56% reduced risk of diabetes among 
women over the age of 50 (Perry, 2002), yet the association was only moderately 
significant within a cohort of female nurses over the age of 30 (RR=0.86, 95% 
CI=[0.76,0.97]) (Fung, Schulze, Manson, Willett, & Hu, 2004). The prudent diet was also 
moderately associated with reduced diabetes risk in a cohort of adult Finnish men and 
women with no history of diabetes (RR=0.82, 95% CI=[0.76,0.97])(Montenen et al., 2005).  
DASH dietary pattern. The Dietary Approaches to Stop Hypertension (DASH) 
diet is characterized by a high consumption of fruits, vegetables, low-fat dairy products, 
nuts, seeds, and whole grains and a low consumption of meat, poultry, eggs, fats, and oils 
(Liese, Nichols, Sun, D'Agostino, & Haffner, 2009). It has been widely recommended for 
reducing the risk of hypertension, yet multiple studies have also found that adhering to the 
diet significantly reduces the risk of diabetes (Liese, Nichols, Sun, D'Agostino, & Haffner, 
2009). However, the association of DASH diet adherence with diabetes risk apparently 
varies by race, as Whites are more likely to see significant reductions in diabetes risk after 
adhering to the DASH diet than other racial groups (Liese, Nichols, Sun, D'Agostino, & 
Haffner, 2009). A cross-sectional study of US adults aged 20 years and older using 
NHANES data found that although adults with diabetes did not consistently adhere to the 




intake and a low saturated fat intake (Morton, Saydah, & Cleary, 2012). Limited adherence 
to the DASH diet may reflect a lack of education about the diet.  
Previous Methods for Addressing the Research Problem 
Following the review of evidence concerning diet-diabetes associations, selected 
articles pertaining to specific dietary patterns were further assessed for commonalities in 
research methodologies; particular attention was given to methods for collecting food 
intake data, identifying dietary patterns, measuring adherence to dietary patterns, and 
modelling diet-diabetes associations.  
Food Intake Data Collection Methods 
The most frequently-cited method for collecting food intake data was the use of a 
food frequency questionnaire to elicit participants’ self-reported frequency of consumption 
and portion sizes of foods listed in the questionnaire. In some cases, the frequency of 
consumption was reported as a quantitative measure (Trichopoulou et al., 1995; Montenen 
et al., 2005; Brunner et al., 2008; Liese, Nichols, Sun, D'Agostino, & Haffner, 2009) and in 
other cases, the consumption frequency was captured using Likert-scale responses ranging 
from “Never” to “More than 6 times a day” (Fung, Schulze, Manson, Willett, & Hu, 2004; 
Martínez-González et al.,2008; Ortega et al., 2012). Other methods for collecting food 
intake data included in-person interviews (Morton, Saydah,  & Cleary, 2012);, a food 
frequency questionnaire-dietary interview combined approach (Ben-Avraham, Harman-
Boehm, Schwarzfuchs, & Shai, 2009);, and prospective, self-reported food diaries 
(Itsiopoulos et al., 2011). 




The most common approach for aggregating collected foods into food categories 
was the use of pre-defined food groups based on nutrient or culinary profiles (Kerver, 
Yang, Bianchi, & Song, 2003; Fung, Schulze, Manson, Willett, & Hu, 2004; Montenen et 
al., 2005; Martínez-González et al.,2008; Liese, Nichols, Sun, D'Agostino, & Haffner, 
2009; Bonaccio et al., 2015). Following the formation of food groups, many researchers 
applied statistical methods such as factor analysis (Kerver, Yang, Bianchi, & Song, 2003; 
Fung, Schulze, Manson, Willett, & Hu, 2004; Montenen et al., 2005; Bonaccio et al., 2015) 
and cluster analysis (Brunner et al., 2008) to identify dietary patterns, whereas others used 
known dietary patterns in their investigations (Perry, 2002; Martínez-González et al.,2008; 
Itsiopoulos et al., 2011 ).  
Diet Adherence Methods 
Methods for measuring dietary pattern adherence include taking the sum of the 
frequency of consumption of individual food groups, using an index scoring system based 
on median consumption levels of the study sample, and using a scoring system based on 
recommended daily intake. The first method regarding summation of individual food group 
consumption data pertains to the results of factor analysis techniques in which the factor 
loadings of individual food groups comprising a specific dietary pattern are used to 
calculate weighted food intakes, and these weighted food intakes are summed together to 
produce the dietary pattern score (Kerver, Yang, Bianchi, & Song, 2003; Fung, Schulze, 
Manson, Willett, & Hu, 2004; Montenen et al., 2005). The second method for measuring 
dietary pattern adherence, first introduced by introduced by Trichopoulou et al. (1995), 




participant consumes more than the median daily intake and for each non-protective food 
group (e.g., red meats) that the participant consumes less than the median daily intake; the 
adherence score is calculated based on the sum of the scores for each food group 
(Martínez-González et al.,2008; Liese, Nichols, Sun, D'Agostino, & Haffner, 2009; 
Bonaccio et al., 2015). The third method assigns scores to individual food groups based on 
recommended daily servings such that the highest points are assigned if the recommended 
serving was met and lower points are assigned proportionally (Ortega et al., 2012; Morton, 
Saydah, & Cleary, 2012). 
Methods for Modelling Diet-Diabetes Associations 
Statistical methods for modeling the diet-diabetes association include Cox 
proportional hazards, linear, and multiple logistic regression techniques. Cox proportional 
hazard models can assess the relative risk of diabetes over time by dietary adherence status, 
taking into account diabetes incidence and the time until its occurrence (Trichopoulou et 
al., 1995; Fung, Schulze, Manson, Willett, & Hu, 2004; Montenen et al., 2005; Brunner et 
al., 2008; Salas-Salvadó et al., 2011;Bonnacio et al., 2015). Linear regression methods 
consist of modeling the dietary pattern score as a function of diabetes status, controlling for 
covariates (Ortega et al., 2012), whereas multiple logistic regression methods consist of 
modeling diabetes status as a function of dietary pattern score, controlling for covariates 
(Liese, Nichols, Sun, D'Agostino, & Haffner, 2009).  
Statistical models included dietary pattern score as either a continuous (Ortega et 
al., 2012) or a categorical variable grouped into tertiles (Liese, Nichols, Sun, D'Agostino, 




Yang, Bianchi, & Song, 2003; Fung, Schulze, Manson, Willett, & Hu, 2004). Few studies 
included qualitative dietary pattern variables with values ranging from poor/low adherence 
to high adherence (Martínez-González et al.,2008; Bonnacio et al., 2015). The most 
frequently cited covariates included in statistical models were age, gender, ethnicity, 
education, family history of diabetes, smoking status, physical activity level, and BMI 
level. 
Strengths and Weaknesses of Previous Studies 
A major strength of the systematic reviews of evidence of the meat-diabetes 
association is that the combined statistical results from several research studies (e.g., 
pooled relative risk estimates) increased the statistical power to detect significant 
associations (Aune, Ursin, & Veierød, 2009). Several other reviewed studies also had the 
advantage of analyzing large samples, which increased the likelihood that the samples were 
representative of the broader populations of interest.  Another advantage of many studies 
was the use of a prospective cohort design, which eliminated the potential for recall bias 
and inaccurate food recall data. 
There were several limitations of the findings from the reviewed literature. One 
major limitation is the potential for inaccurate self-reporting of diabetes status and 
imprecise dietary assessments. Many studies restricted the study population to patients who 
self-reported their diabetes status, yet excluded those who may have been unaware of their 
diabetes status (InterAct Consortium, 2013).  Also, many studies used food frequency 
diaries that may have been prone to misreporting of food intakes, and the intake for some 




composite dish (e.g., eggs, whole grains; O’Conner et al., 2014). Secondly, many studies 
were unable to control for potential residual confounding due to BMI, as it was often 
unclear whether BMI served as a confounder or a mediator in the association of foods and 
food groups with T2DM risk (Erber et al., 2010; Kratz, Baars, & Guyenet, 2013). Residual 
confounding was also an issue in the dairy research studies, particularly given that 
consumers of dairy products could have been more likely than non-consumers to engage in 
healthful diet and exercise behavior, which could bias the study results (Kalergis, Yinko, & 
Nedelcu, 2013). Similarly, egg consumers could have been more likely than non-
consumers to consume other unhealthy dietary patterns or to engage less often in physically 
active activities (Hu et al., 1999). Third, none of the selected articles regarding T2DM risk 
due to egg consumption evaluated the independent effects of whole-egg versus egg yolk or 
egg white consumption, which could have changed the results given that egg yolk 
consumption is associated with high cholesterol intake and unhealthy eating  and egg white 
consumption is associated with healthy eating (Radzevičienė & Ostrauskas, 2012; Li, 
Zhou, Zhou, & Li, 2013). Fourth, for many studies, there was the potential lack of 
generalizability of results to the entire U.S. population, specifically among studies 
restricted to certain subgroups of the U.S. population or studies of non-U.S. populations. A 
fifth limitation associated with the systematic reviews and meta-analysis studies is that the 
results from multiple research articles were often heterogeneous in nature due to 
differences in dietary assessment methods, study populations, and dietary intake methods 
(Aune, Ursin, & Veierød, 2009), and the selected articles were likely prone to publication 




that the scores used to measure adherence often used arbitrary cutoff values, leading to 
imprecise measurements (Bonaccio et al., 2015).  
Summary and Conclusions 
Consumption of certain food groups such as meat, eggs, and white rice are 
significantly associated with increased T2DM risk, and these food groups may combine 
and interact within distinct dietary patterns such as the Western and Conservative dietary 
patterns to further increase the risk of T2DM. Similarly, some food types such as Dairy, 
Fruits and Vegetables, Whole Grains, Nuts, Legumes, and Brown rice may act 
independently or interact together to decrease the risk of T2DM. Future studies regarding 
the mechanism by which these food groups singly and additively influence diabetes risk 
could be beneficial for persons at risk of diabetes, persons already diagnosed with diabetes, 
and health professionals. 
The findings from the review and synthesis of the literature provide a 
comprehensive assessment of what is currently known about diet-diabetes associations. It is 
currently known that meat food groups significantly increase the risk of T2DM both 
independently and combined with other food groups. Although this increased risk was 
consistent across racial groups and gender, differences in the relative risk of T2DM across 
racial groups and gender were likely due to differences in the frequency of consumption. 
Furthermore, consumption of meat foods in a fast-food restaurant may further increase the 
risk of T2DM for African-American women. The association of meat consumption and 
diabetes may be explained by individual meat components, including total and saturated 




one egg per day is associated with increased diabetes risk, and the cholesterol and saturated 
fat content of eggs may explain this association. Daily white rice consumption is also 
significantly associated with increased diabetes risk, and the glycemic index of rice, 
insoluble fiber, and magnesium are potential contributing factors for the association. 
Although the findings from multiple research studies regarding the role of dairy 
intake on diabetes risk were inconsistent, several studies support the notion that dairy 
intake significantly reduces the risk of T2DM, and the effect of dairy on diabetes risk likely 
happens in a dose-response manner. A closer look at low-fat dairy products and yogurt 
foods could help to further explain the inverse association. Furthermore, nutritional 
components such as calcium, vitamin D, protein, magnesium, and fat could play a 
significant role in the influence of dairy on diabetes risk. The inverse associations of whole 
grain, legumes, nuts, and brown rice consumption and diabetes risk may also be explained 
by dietary nutrients such as cereal fiber and magnesium. Fruits and vegetables also 
significantly lower the risk of diabetes in an apparent dose-response manner, yet green 
leafy vegetables appear to play the most critical role in the reduction in risk. Vitamin C 
levels may serve as a reliable proxy of the amount of fruit and vegetables consumed in the 
diet, and vitamin C intake is associated with a greater reduced risk of diabetes in 
comparison to green leafy vegetables and fruits (14% versus 62%, respectively) (Harding et 
al., 2008; Carter, Gray, Troughton,  Khunti, & Davies, 2010). 
Specific dietary patterns associated with increased diabetes risk include the Western 
and Conservative diets. Dietary patterns associated with reduced diabetes risk include the 




high consumption of red meats, high-fat dairy, and starchy foods, the Western diet 
additionally includes a high consumption of sugary foods. Although the protective dietary 
patterns all feature a high intake of fruits and vegetables, the MedDiet additionally features 
a high intake of unsaturated fats  with a low consumption of meats and dairy products, 
while both the Prudent diet and DASH diets feature a high intake of low-fat dairy foods. 
The low-fat dairy feature of the DASH diet has been a strong argument for the adoption of 
the diet for those with hypertension given the association of low-fat dairy foods with lower 
blood pressure, and adoption of the diet could similarly benefit diabetic patients (Liu et al., 
2006). Unlike the other protective diets, the Prudent diet combines rice and pasta whereas 
the DASH diet limits egg intake.  
There are two key gaps in the literature regarding diet-diabetes association: 1) the 
most effective dietary strategy for reducing diabetes risk; and, 2) the dietary habits of 
persons with undiagnosed diabetes. The dietary strategy that is most effective for reducing 
the risk of diabetes and the diet associated with the greatest increase in diabetes risk is 
currently unknown. That is, the relative importance of specific dietary patterns associated 
with diabetes is still unclear. The present study will compare the odds of adherence to 
specific dietary patterns among different diabetes groups in order to further explore this 
area. Furthermore, there is limited research regarding the comparison of dietary habits of 
those with diagnosed versus undiagnosed diabetes. One study of Native American 
communities found that individuals with diagnosed diabetes typically adopted healthier 
eating patterns than those with no history of diabetes whereas those with undiagnosed 




potentially suggesting that the diets of diabetics improved upon diagnosis (Archer et al., 
2004). The present study will determine if similar differences in dietary habits among 
diagnosed versus undiagnosed diabetics is observed in a US population of adults aged 20 
years and older. A related gap in the literature is whether the dietary patterns associated 
with diagnosed T2DM are independently associated with undiagnosed prediabetes and 
undiagnosed T2DM. A prospective cohort study of Spanish populations found that 
adherence to the MedDiet was significantly associated with undiagnosed diabetes 
(prediabetes and T2DM combined) (OR=0.88, 95% CI= [0.81,0.96], p <  0.001). The 
present study will investigate the independent association of several diabetes-associated 
dietary patterns with the risk of undiagnosed prediabetes and undiagnosed T2DM (Ortega 
et al., 2012). 
Evidence from the literature provides insights into diet-diabetes associations, yet 
more research is needed regarding the association of diet and preliminary stages of 
diabetes. The present study is the first known study to consider the relative importance of 
established dietary patterns on the risk of diabetes. Chapter 3 outlines the cross-sectional 
approach for exploring this area of research and will explain in detail the study design, 
sample selection procedures, and analytic methods for addressing the primary research 
question of whether certain dietary patterns are more likely than others to be consumed by 




Chapter 3: Research Method 
Introduction 
The purpose of this study is to compare the odds of adherence to specific dietary 
patterns that are known to increase the risk of diabetes (i.e., Western and Conservative) or 
decrease (i.e., Mediterranean, Prudent, and DASH) the risk of diabetes.  Specifically, this 
study will utilize data from NHANES to compare adherence to the different dietary 
patterns based on self-reported responses to a 24-hour dietary recall. Diet adherence will be 
measured by computing an adherence score similar to the methods of previous authors 
(Trichopoulou et al.,1995; Martínez-González et al., 2008; Bonaccio et al., 2015). This 
study will address the primary research question of whether there are statistically 
significant differences in the mean adherence to risky or protective dietary patterns among 
individuals with no diabetes, unknown diabetes risk (undiagnosed prediabetes or T2DM), 
and known diabetes risk (diagnosed prediabetes or T2DM). The study will also address the 
research question of whether there are significant differences in the odds of adherence to 
risky and protective dietary patterns, adjusting for covariates. Findings from the study will 
identify the most harmful food combinations associated with increased T2DM risk while 
also highlighting the most effective food combinations for reducing or preventing T2DM.  
This chapter presents a quantitative approach for investigating the association of 
dietary patterns and the risk of undiagnosed diabetes. A detailed overview of the study 
design and rationale, target population, sample selection procedures, and analytical 
methods are described in detail. The chapter concludes with a discussion of potential 




Research Design and Rationale 
The main independent variable of interest to the study is diabetes status, measured 
as a nominal variable with 5 categories: normal, undiagnosed prediabetes, diagnosed 
prediabetes, undiagnosed T2DM, and diagnosed T2DM. The primary dependent variables 
are the quantitative scores measuring adherence to specific dietary patterns, which include 
the Western, Conservative, Mediterranean, Prudent, and DASH diet adherence scores. 
Research suggests that age, gender, race, family history of diabetes, BMI level, and 
physical activity level significantly influence the risk of T2DM (CDC, 2014). These 
covariate, mediating, or moderating variables will be adjusted for when modeling the 
relationship between dietary patterns and diabetes status. 
A quantitative research design is most appropriate for the study given the nature of 
the study variables (diet adherence scores and number of diabetes cases) and the general 
scope of the study, which involves quantifying variable relationships and identifying 
association patterns rather than making causal inferences about diet and diabetes outcomes 
(Rudestam & Newton, 2007). Moreover, this study seeks to generalize findings to larger 
populations given the use of a large representative sample of the U.S. population, thus, 
quantitative methods are most conducive to achieving this objective (Laureate Education, 
Inc., 2010). Specifically, this study will implement a cross-sectional research design, 
utilizing survey data from NHANES, a nationally representative survey that represents a 
snapshot of the behaviors, risk factors, and disease status of U.S. adults at a distinct point in 
time, a key feature of cross-sectional research designs (CDC, 2013). The primary 




examine relationships between study variables without randomly assigning participants to 
different comparison groups, as the comparison groups are typically formed before the 
study begins (Laureate Education, Inc., 2010). However, these advantages are offset by 
limitations, as a large sample size may not necessarily guarantee that meaningful difference 
in comparison groups can be detected (Burkholder, n.d.), and a lack of randomized 
comparison groups could lead to unobservable factors that account for differences in 
comparison groups that are unrelated to the differences explained by the association of the 
independent and dependent variables in the study. 
A cross-sectional research design was selected for this study for several reasons. 
First, the study seeks to draw conclusions about dietary risk factors for prediabetes and 
undiagnosed diabetes at a given point in time rather than drawing conclusions about the 
causes of these conditions over time, and this is consistent with a cross-sectional study 
design (Frankfort-Nachmias & Nachmias, 2008, p.116). Secondly, a cross-sectional design 
is the most common research design for studies using a survey data collection method 
(Frankfort-Nachmias & Nachmias, 2008, p.116), and given that this study will use national 
dietary, laboratory, examination, and questionnaire survey data from NHANES, this aligns 
with the cross-sectional research design. Moreover, previous NHANES studies exploring 
dietary patterns associated with disease risk have used a cross-sectional research design, 
and the use of the same study design would be consistent with previous research studies 
(Kant, Schatzkin, Harris, Ziegler, & Block, 1993). 
Given that the NHANES dataset containing all study variables is readily available 




this choice of study design. Using previously-collected survey data as the primary data 
source eliminates the need to recollect preexisting information while also allowing for 
multiple research questions to be addressed using a single source (Aponte, 2010). However, 
a potential resource constraint associated with the decision to use a secondary data source 
is that it removes the researcher from direct involvement in the data collection process and, 
consequently, the researcher has little control over the quality, reliability, or validity of the 
collected data. For example, information regarding measures of diabetes status and dietary 
intake used for the purposes of this study is restricted to the way in which questions 
regarding these topics were asked on the NHANES survey. Specifically, although 
participants report whether or not they have ever been told by a doctor that they have 
T2DM and the age at which they were first told by a doctor, they are not asked about the 
time period of their most recent diagnosis, which may influence the validity of diabetes-
related research questions (CDC, 2013). That is, the omission of this information could 
present issues with distinguishing participants who are current versus past diabetics. 
However, the use of laboratory measurements of fasting plasma glucose and HbA1c in this 
study will help to clarify the distinction.   
Methodology 
Target Population 
Defining the target population and devising a strategy for sample selection is often 
the first two steps for a quantitative research methodology. Considering the sample 
demographics, such as the geographic location, age, gender, and race/ethnicity of the study 




appropriate target population (Frankfort-Nachmias & Nachmias, 2008, p.164). The 
NHANES target population consists of non-institutionalized civilian U.S. residents (CDC, 
2013). This study will target a subset of the NHANES population, namely, U.S. adults aged 
20 years and older who self-reported information about previous diabetes diagnosis by a 
doctor and completed a 24-hour dietary recall. Based on estimates from the U.S. Census 
Bureau, the approximate size of the population of U.S. adults aged 20 years and older is 
200 million (U.S. Census Bureau, 2013). This population is an appropriate baseline 
selection for this study given the fact that adults aged 20 years and older have the highest 
prevalence of Type 2 diabetes in the country (CDC, 2014).  
Children are excluded from the study based on the assumption that kids are less 
likely to choose which foods they consume on a daily basis and are less likely to initiate 
diet modification interventions. In other words, this study assumes that the diets of children 
would more than likely reflect the diets of adults, so the target population will be restricted 
to individuals who are more likely to make their own dietary choices. Furthermore, the 
interest of this study is to understand the potential role of diabetes knowledge on dietary 
habits, and given that adults are more likely than children to receive health promotion 
messages about dietary interventions to reduce diabetes risk, adults would be more directly 
impacted by the social change implications of the research and are, thus, a more 
appropriate target population than children. 
More than 10,000 participants complete the NHANES survey each year (CDC, 
2013), and this study will select the participants who self-reported their diabetes status and 




(either the fasting blood glucose or HbA1c screening), which represents nearly 50% of the 
annual survey population. This study will combine survey results from the most recent 
NHANES data collection cycles, which were 2007-2008, 2009-2010, and 2011-2012. 
To verify the representativeness of the final study sample, statistical analyses will 
be conducted to compare the demographics of the sample with the demographics of the 
non-selected NHANES population in order to confirm that there are no statistical 
differences in the characteristics of the individuals selected for the study and the 
individuals not selected for the study. The confirmation of non-statistically significant 
differences between the selected versus non-selected individuals would support the notion 
that the findings from the study based on the selected sample can be generalized to the rest 
of the population. 
Sampling Procedures 
The NHANES sampling procedure is described as multistage probability sampling 
design. The sampling process begins with selecting individual counties for participation in 
the study, and household clusters within counties are then selected based on homogenous 
household characteristics (CDC, 2013). Then, individual households are selected using 
probability proportional to size sampling, and the final step is to randomly select 
individuals within households (CDC, 2013). Although this type of multi-stage probability 
sampling may be more complex in comparison to other sampling methods, an advantage of 
this approach is that the resulting sample often meets the desired characteristics necessary 
for conducting the research study, and the method is often more efficient than other 




NHANES survey in order to exclude certain institutionalized populations, such as members 
of the armed services, individuals residing in nursing homes or other healthcare 
institutions, and U.S. citizens who do not reside in the U.S. (CDC, n.d.).  
In addition to multi-stage sampling, certain population subgroups such as non-
Hispanic Blacks, Mexican-Americans, impoverished non-Hispanic Whites, adolescents, 
and senior citizens are oversampled, or selected in larger numbers than the actual number 
that exists in the population, in order to ensure appropriate representation of these groups 
(CDC, n.d.). Furthermore, a sampling weight is assigned to each participant based on the 
final probability of selection (given the county, household, and population subgroup from 
which the individual was selected). The sampling weights must be applied when computing 
national estimates in order to achieve unbiased results and to adjust for potential 
uncertainties in the sampling process (CDC, n.d.). Given the use of NHANES secondary 
data as the primary data source for the present study, the sampling approach for this study 
will be considered a multistage probability sampling design. 
Although there are certain advantages of using a multistage probability sampling 
design, several limitations must also be considered. First, the use of this sampling approach 
may result in a non-representative sample given the exclusion of certain populations and 
the oversampling of certain subgroups, which may threaten the external validity of the 
study results (World Health Organization, 2013). The sample representativeness largely 
depends on the clustering stage in which homogenous subgroups are selected, and the 
sample size must often be doubled when using a clustering approach, which is hard to 




this potential threat to external validity is to adopt the same sample sizes and effect sizes 
used in similar NHANES studies addressing similar research questions. 
Another limitation of multi-stage sampling designs is that the national estimates 
obtained from the samples may be statistically unreliable if oversampling techniques and 
sample weights are not implemented. For example, if the survey was designed to capture 
frequently-reported characteristics of the general population, the collected survey data may 
not sufficiently capture unique characteristics that exist within the population, as persons 
with these unique characteristics may not be selected in sufficiently large numbers for 
adequate representation (Shapiro et al., 1999). NHANES controls for potentially unreliable 
statistical estimates by using oversampling and weighting techniques. Oversampling 
techniques in which population subgroups are selected in larger numbers than actually 
exists in the general population are useful to ensure that subgroups of the population are 
adequately represented (CDC, n.d.). Furthermore, sampling weights corresponding to each 
individual participant’s probability of being selected for the sample are useful for 
producing unbiased national estimates (Ezzati-Rice & Murphy, 1995). This study will 
adopt the same sampling procedures inherit in the NHANES survey protocol, and sampling 
weights will be implemented for all statistical analyses to avoid biased national estimates of 
the prevalence of diagnosed diabetes, undiagnosed diabetes, and prediabetes. 
The study sample will be drawn using the NHANES dataset available as a SAS 
downloadable file from the NHANES website (CDC, 2013).  For each survey cycle, the 
study variables are available in five separate data files: Demographics, Questionnaire, 




and household characteristics, and specific variables of interest to this study include age, 
gender, and race/ethnicity. The Questionnaire variables include self-reported information 
about various risk factors and health behaviors, including whether or not the participant 
was ever told by a doctor that they have diabetes, whether or not they were ever told that 
they have prediabetes, and their perceived risk of diabetes. The Examination and 
Laboratory variables pertain to objective measures of current health status. A specific 
Examination variable of interest to the study is BMI, and the Laboratory variables of 
interest include fasting plasma glucose and HbA1c. Finally, the Dietary data includes self-
reported information regarding the foods and beverages consumed over the past 24 hours. 
This information will be used to determine exposure to specific food combinations and 
adherence to specific dietary patterns. Each of the five data files contain a common unique 
identifier for each participant known as the respondent sequence number. This unique 
identifier will be used to merge the files together into a master dataset containing all 
variables of interest. Then, the master dataset for each survey year will be combined 
together into one final analytic dataset. Any participant who is either less than 20 years old, 
has missing dietary information, has missing diabetes screening information, or who did 
not answer the question regarding diabetes diagnosis by a doctor will be excluded from the 
analysis. 
Power Analysis 
A power analysis was conducted to determine an appropriate sample size necessary 
to detect a meaningful effect resulting from the independent variables. G*Power software 




based on a priori information provided by the end-user, such as the desired statistical test, 
level of significance, effect size, and power level (Buchner, Faul, & Erdfelder, n.d). Given 
the primary research objective of comparing the mean diet adherence scores between five 
diabetes groups (no diabetes, undiagnosed prediabetes, undiagnosed T2DM, diagnosed 
prediabetes, and diagnosed T2DM), a one-way ANOVA was selected as the desired 
statistical test for computing an appropriate sample size. Other input values for the G-
power analysis included an alpha level of 0.05, a medium effect size of 0.25, and a standard 
power level of 0.80.  Based on the G-Power results, a total sample size of 200 individuals 
(40 individuals in each of the five diabetes groups) would be required in order to achieve 
81% power for the study. To verify the appropriateness of the sample size of each 
comparison group, the sample size of 40 can be compared with the sample size used in 
similar research studies comparing undiagnosed T2DM and prediabetes groups (Rudestam 
& Newton, 2007). To verify the representativeness of the sample, statistical analyses such 
as chi-square independence tests can be conducted in order to test the null hypothesis that 
the demographics of the study sample are not statistically different from the demographics 
of the non-selected population. The null hypothesis would be supported if the sample 
characteristics mirror the characteristics of the non-selected population, and the sample 
would be confirmed as a representative population with generalizable study findings. 
Reliability and Validity of Data Source 
NHANES data is used for computing national estimates of chronic disease 
prevalence and risk factors as well as for setting national benchmarks for physiological 




speaks to its reliability for establishing official health knowledge for the U.S. (CDC, 2013). 
However, there are a few issues surrounding the validity and reliability of NHANES data. 
For example, it is now known that the amount of calories consumed in the American diet is 
significantly underreported in the NHANES survey, extremely limiting the ability to 
accurately estimate trends in caloric energy intake and trends in the prevalence of obesity 
in the U.S. (Archer, Hand, & Blair, 2013). There are also concerns about the reliability of 
self-reported health information by NHANES participants, as research shows that there is 
often inconsistent information reported in follow-up NHANES interviews conducted 1 
month after the initial interview, as participants often report different self-rated health 
information in the second interview compared to the first interview (Zajacova & Dowd, 
2011). 
This concern is not applicable to the present study given that the present study will 
not seek to explore trends in dietary patterns over time but will instead consider patterns in 
eating behavior measured at a single point in time. Furthermore, to eliminate the possibility 
of analyzing discrepant food information reported on multiple days of the dietary interview, 
the analysis of dietary habits will be restricted to the foods consumed on the first day of the 
dietary interview. 
Variable Definitions and Operationalization 
Health information collected in NHANES consists of a combination of in-person 
questionnaire, dietary recall, body measurements, and laboratory screenings. The 
questionnaire consists of general questions about current health status, current health 




questionnaire pertain to different health topics ranging from infectious diseases to chronic 
diseases, including diabetes. The dietary recall data collection is a separate component of 
the in-person interview and includes a detailed account of the foods consumed within the 
past 24 hours along with the amount and number of times the food was consumed (CDC, 
2013). Finally, the body measurements and laboratory assessments include physical 
examinations and physiologic measures of metabolic processes, including HbA1c and 
fasting blood glucose assessments. Appendix A provides a list of all variables to be used in 
the study. The role of each variable as an independent, dependent, or covariate in the study 
is described below.  
Independent variable. The diabetes section of the NHANES questionnaire 
includes a question regarding whether or not participants were ever told by a doctor or 
health professional that they have any of the following conditions: diabetes, impaired 
glucose intolerance, impaired fasting glucose, prediabetes or borderline diabetes, or an 
abnormally high blood sugar level that is not high enough to be considered diabetes (CDC, 
2013). Laboratory assessments of fasting blood glucose and HbA1c levels are also 
available in addition to the self-reported diabetes information (CDC, 2013). 
For the purpose of this study, information from both the self-reported and 
laboratory-based assessments of diabetes will be combined to define a total of five diabetes 
groups. The “no diabetes” group will consist of individuals with normal fasting blood 
glucose and HbA1c levels who reported that they were not previously told that they had 
diabetes or prediabetes. The undiagnosed prediabetes group will include individuals who 




prediabetic based on either the fasting blood glucose or HbA1c screening test. Similar to 
this group, the diagnosed prediabetes group will also consist of individuals with abnormally 
high fasting blood glucose or HbA1c levels, but this group will be distinguished from the 
undiagnosed prediabetes group based on self-reports of previous prediabetes diagnosis by a 
doctor or health care provider. Individuals who were not previously told by a doctor that 
they had diabetes but tested positive for diabetes on either the fasting blood glucose or 
HbA1c screening test will comprise the undiagnosed T2DM group. Similarly, individuals 
testing positive for diabetes on either the fasting blood glucose or HbA1c screening test 
who were previously told that they have diabetes will make up the diagnosed T2DM group. 
For the purpose of conducting a one-way ANOVA analysis to address Research 
Questions 1 and 2, the diabetes variable will be represented as a nominal variable with five 
categories. Specifically, the first two research questions seek to determine if there is a 
significant difference in mean dietary pattern adherence scores among the different diabetes 
groups. Thus, for the purpose of these research questions, a quantitative dietary pattern 
adherence score would serve as the dependent variable and diabetes status would serve as 
the independent variable. A nominal variable with values of  “No diabetes”, “Unknown 
diabetes”, and “Known diabetes” will also be created in order to distinguish diabetes cases 
who are aware versus unaware of their condition, and this variable will be used for 
addressing Research Question 5 regarding the role of diabetes awareness on eating habits. 
Dependent variable. NHANES includes a detailed dietary recall in which 
participants are asked on two different occasions about the foods consumed within the last 




food was purchased) is also captured. NHANES also groups individual foods into distinct 
food categories, and these food categories will be used to assess adherence to certain 
dietary patterns. Dietary adherence scores will be calculated based on the methods 
described by Trichopoulou et al. (1995) that assigns 1 point to every protective food group 
(e.g., fruits, vegetables) that the participant consumes above the median daily intake and to 
every non-protective food group (e.g., red meats) that the participant consumes under the 
median daily intake. The sum of the individual food group scores will determine the final 
dietary adherence score for each dietary pattern, and separate independent variables 
pertaining to adherence to each dietary pattern will be created. Numeric dietary adherence 
scores will serve as dependent variables in one-way ANOVA analyses addressing Research 
Questions 1 and 2. Dichotomous variables will also be created for the dietary adherence 
scores using the median score as the cutoff value for defining low versus high diet 
adherence. These dichotomous variables are needed for the purpose of conducting multiple 
logistic regression analyses in addressing Research Questions 3 and 4 which seek to 
determine the odds of adherence to specific dietary patterns among the different diabetes 
groups, adjusting for covariates. 
Covariates. NHANES captures participant demographics (e.g., age, gender, 
race/ethnicity) as well as body measurements (e.g., height, weight, BMI level) and health 
behaviors (e.g., smoking, physical activity).  Participants are asked to report their current 
age in years on the NHANES questionnaire. For the purpose of this analysis, the numeric 
age variable will be recoded into a nominal variable with four distinct age groups: 20-30 




increasing risk groups for diabetes. Variables for gender and race/ethnicity are collected as 
nominal variables with distinct categories, including “Other” and “Unknown”. A 
categorical variable for obesity will be defined based on BMI levels, where those with a 
BMI level>=30 Kg/m2 would be considered obese, those with a BMI level between 25-30 
Kg/m2 would be considered “Overweight”, and those with a BMI level  < 25 Kg/m2 would 
be considered “Normal”. Interviewees are also asked if a close relative has ever been 
diagnosed with diabetes (CDC, 2013). A binary variable for family history of diabetes 
would be created based on whether or not the participant reported a family history of 
diabetes (1=family history of diabetes, 0=no family history of diabetes). Interviewees are 
also asked whether or not they are current smokers, and this dichotomous variable will 
serve as an additional covariate in the analysis. Finally, interviewees are asked about their 
engagement in moderate or vigorous daily physical activities. Respondents reporting 
moderate or vigorous daily physical activity will be considered physically active and those 
reporting no moderate or vigorous daily physical activity would be considered physically 
inactive.  
Data Analysis Plans 
 The data analysis will consist of two components: descriptive analyses and 
hypothesis-testing outcomes. The descriptive analyses will be presented in a table that 
illustrates the mean and standard deviation of continuous variables and the frequency and 
percentage of categorical variables. These descriptive results may be divided by diabetes 
groups so that the characteristics of each diabetes population (no diabetes, prediabetes, and 




with the non-selected population will also be conducted using chi-square tests for 
independence. Data visualizations such as overlay plots showing diet adherence scores by 
each of the diabetes groups will also be created for graphical representation of the study 
population characteristics.  
Hypothesis-testing analyses will consist of one-way ANOVA and regression 
analyses. Separate ANOVA analyses will be conducted for each dietary pattern (e.g., 
Western dietary pattern, Conservative dietary pattern), and the null hypothesis for each test 
will suggest that there is no significant difference in the man diet adherence score among 
the different diabetes groups. Separate multiple logistic regression analyses will be 
conducted with the dichotomized diet adherence score serving as the main dependent 
variable and a five-category variable for diabetes status serving as the main independent 
variable; each model will include age, gender, race/ethnicity, family history of diabetes, 
BMI, smoking status, and physical activity as covariates.  
Threats to Validity 
One potential threat to external validity is the lack of reliability or reproducibility of 
the study results. Reliability is a concept referring to the ability of a measure to repeatedly 
produce consistent results over time (Creswell, 2013, p.178).  To test the reliability of a 
survey with multiple components such as the NHANES survey, a statistic known as 
Cronbach’s alpha is often used for assessing the inter-item correlation of the survey items 
(Nakagami, Yamauchi, Noguchi, Maeda, & Nakagami, 2013). However, Cronbach’s alpha 
statistic is often interpreted improperly, so additional reliability tests are recommended in 




reliability test that consists of administering a survey or other instrument to the same 
audience at two different time points to see if the second results are consistent with the first 
results (Yang et al., 2012). Given that the NHANES survey is administered every 2 years, 
one approach for testing the reliability of the study is to compare the dietary adherence 
scores across the 2007-2008, 2009-2010, and 2011-2012 NHANES study cycles. This 
study will adopt this approach for testing the reliability of the study, and if the dietary 
adherence scores are unreliable across different survey cycles, then only one survey cycle 
will be considered for the analysis. 
The present study may be vulnerable to certain threats to internal validity. First, the 
study may not appropriately account for confounding variables, which are predictor 
variables that may conceal the association between diabetes status and diet adherence 
scores (Szklo & Nieto, 2014, p.152). For example, insurance status, education level, and 
occupation are potential confounders in the present study. NHANES participants are asked 
if they are currently covered by health insurance. Participants reporting that they do have 
health insurance are potentially more likely to receive healthy eating recommendations 
from a health care provider and to take appropriate steps to reduce their risk of developing 
diabetes in comparison to those who are uninsured, and this may influence the association 
of diabetes status and dietary adherence. NHANES participants are also asked to report 
their highest education level, and this could be a potential confounder given that 
individuals with a higher education level may be more knowledgeable about diabetes risk 
factors than individuals with a lower education level. Similarly, participants reporting 




knowledgeable about diabetes prevention strategies than individuals outside of the health 
care and public health fields. These variables are currently excluded from the analysis 
given that they were not consistently included in the regression models of similar research 
studies or were not significantly associated with diabetes risk.  
A third threat to internal validity may result from certain factors existing at the start 
of the study that may influence the differences observed between the five diabetes 
comparison groups. Examples of these types of “extrinsic” factors include geographic 
differences in eating habits and racial differences in diabetes incidence. Potential  strategies 
for minimizing the potential influence of extrinsic factors is to statistically control for them 
in regression analyses or statistically test for significant associations between the dependent 
variable and the potential extrinsic variables (Marques & Lima, 2011). This study will 
statistically test for significant associations between undiagnosed T2DM and each of the 
following predictors: age, race, gender, family history of diabetes, BMI level, and physical 
activity level. Similar association tests will be conducting using undiagnosed prediabetes as 
the dependent variable. 
Another potential threat to the validity of the study is selection bias, which may 
occur if diabetes cases have a greater probability of being selected for the study than non-
diabetes cases (Szklo & Nieto, p.27), particularly if the diabetes cases were more likely to 
complete the dietary recall component of the NHANES interview than non-diabetes cases. 
To minimize this concern, chi-square independence tests will be conducted in order to 
verify that the characteristics of the diabetic cases match the characteristics of the non-




Information bias is another potential threat to the validity of the study that occurs 
when study participants are misclassified within the exposure or outcome groups (Szklo & 
Nieto, 2014, p. 110). An example of information bias that may occur in the study is the 
inaccurate reporting of foods consumed or current diabetes status resulting in an inaccurate 
dietary adherence score or a misclassification into one of the five diabetes groups. In-
person interviews may be more vulnerable to information bias than other forms of data 
collection given the lack of anonymity in responses that may pertain to socially undesirable 
behaviors or sensitive health topics (Frankfort-Nachmias & Nachmias, 2008, p.219). 
Specifically, interviewers may inadvertently express certain nonverbal cues that could 
influence participants to respond differently than they would respond if providing an 
anonymous response, which could further contribute to misclassification of the participant 
into exposure or outcome groups (Szklo & Nieto, 2014, p. 119). 
NHANES controls for information bias by collecting objective measures of health 
in addition to self-reported health information. For example, objective measures of fasting 
blood glucose and HbA1c levels can be used to verify self-reported diabetes information. 
Furthermore, the use of a standard interview script helps to ensure consistency in collecting 
self-reported information and prevents interviewers from interjecting their personal 
opinions or other influential cues during the interview (CDC, 2013). 
Ethical Procedures 
Given the use of a secondary dataset, ethical concerns related to recruitment 
processes and data collection activities are not applicable to this study. However, ethical 




study will seek IRB approval, which is an important first step for conducting any research 
study involving human subjects. IRB approval helps to ensure adherence to established 
ethical standards in research and protects both the researcher and the affiliated institution 
by verifying the beneficence of the research, validating the academic and professional 
integrity of the researcher, and removing the affiliated institution from potential legal 
ramifications associated with unethical research protocols (Rudestam & Newton, 2007). 
Research participants are also protected by IRB approval with respect to reduced risk of 
harm from the research and assurance of informed consent about all research elements 
(Endicott, 2010). 
The present study will not directly collect information from human subjects but will 
use secondary data from the NHANES survey. Researchers using secondary data sources 
typically undergo an expedited IRB review process, as this process ensures that the 
stakeholders of the original data source are protected from potential misuse of the collected 
data (Walden University, 2012). The expedited review process for Walden University 
consists of completing an abbreviated version of the IRB application, which requests 
researchers to describe the nature of the   study and describe any potential ethical concerns 
for the study (Walden University, 2012). Given the removal of personal identifiers from 
secondary data sources, research studies using secondary data pose minimal risks to 
participants. Information collected in the NHANES survey is protected in various ways, 
including the substitution of participant names with randomly-assigned ID numbers that 




the study methodology will consist of only group-level rather than person-level analyses of 
the diet-diabetes association. 
Summary and Transition 
This chapter described the methodology for addressing the research question 
regarding the association of dietary patterns and undiagnosed diabetes in U. S. adults aged 
20 years and older. Using a cross-sectional study design and publicly available data from 
the NHANES, the data analysis plan includes the use of multiple logistic regression 
analysis with dietary adherence score and diabetes status as primary dependent and 
independent variables, respectively. The methods described in this chapter are consistent 
with previous studies addressing similar research questions.  
The following chapter, Chapter 4, will present tabular and graphical displays of all 






Chapter 4: Results  
Introduction 
The purpose of this quantitative research study was to compare the relative 
adherence to different dietary patterns known to influence the risk of T2DM among 
individuals in different stages of diabetes. The primary research question was whether there 
was a significant difference in the mean adherence to each diet among the different 
diabetes groups. The null hypothesis for this research question was that there was no 
difference in the mean adherence to each diet among the different diabetes groups, and the 
alternative hypothesis was that there was a significant difference in the mean adherence to 
each diet among the diabetes groups. A secondary research question was whether there was 
a significant difference in the odds of adherence to each diet among the different diabetes 
groups, after controlling for the covariates of age, race/ethnicity, gender, family history of 
diabetes, perceived risk of diabetes, physical activity level, BMI level, and smoking status. 
According to the null hypothesis for this research question, there is no significant 
difference in the odds of adherence to the diets among the different diabetes groups, and 
the alternative hypothesis suggested that there is a significant difference in the odds of 
adherence to the diets among the different diabetes groups. The final research question 
explored in this study was whether perceived diabetes risk and awareness of diabetes status 
(known versus unknown diabetes) were significantly associated with the odds of adherence 
to specific dietary patterns, controlling for covariates. The null hypothesis suggested that 




alternative hypothesis suggested that at least one of these variables was a significant 
predictor of the odds of adherence. 
 This chapter describes the results of descriptive and statistical analyses conducted 
to address the research questions described above. A summary of the characteristics of the 
study population is presented first, including a comparison of the study population with the 
non-selected sample in order to assess the representativeness of the selected study 
population. Next, the baseline demographics and descriptive statistics of the study sample 
are presented, followed by a detailed description of the statistical analyses conducted to 
address each of the research questions. Finally, the chapter concludes with a summary of 
the answers to the research questions and a brief preview of the next chapter. 
Data Collection 
Deviations from Data Collection Plans Described in Chapter 3 
The initial data collection steps for the study included downloading the 2007-2012 
NHANES survey data from the NHANES website, securely storing the data on a password-
protected network drive, and preparing the data for the analysis, which included merging 
and recoding selected variables. For example, preparing the analytic dataset consisted of 
merging variables from the Demographics, Examination, Laboratory, Questionnaire, and 
Dietary Recall data files using the unique participant ID number common to all files. The 
next step included recoding several continuous variables, such as recoding the BMI 
continuous variable into a BMI categorical variable with values for “normal” (BMI level 




(BMI level greater than or equal to 30 Kg/m2). These initial steps were consistent with the 
methods described in Chapter 3. 
Chapter 3 briefly described the approach for grouping the individual foods 
reportedly consumed by survey respondents into food groups and dietary patterns. To 
elaborate on this process, the food group categories originated from the United States 
Department of Agriculture’s documentation of the MyPyramid Equivalents Database for 
USDA Survey Food Codes, which combines individual foods into broad food categories 
(and more refined subcategories) including fruits, grains, milk, meat and beans, oils, and 
vegetables (Friday & Bowman, 2006). I grouped the reported NHANES foods into the 
USDA food categories and then combined these food categories into the respective dietary 
patterns of interest to the study. 
For each survey respondent, I determined dietary pattern adherence using the 
methods previously described by Trichopoulou et al. (1995), Martínez-González et al. 
(2008) and Bonaccio et al. (2015), which includes assigning a positive score based on 
consumption of protective/healthy foods above the sample median or consumption of 
risky/unhealthy foods below the sample median. I calculated separate diet adherence scores 
for each of the Conservative, DASH, Mediterranean, Prudent, and Western diets, selecting 
the diet with the highest score as the most adherent diet for a particular survey respondent. 
The scores corresponding to the most adherent diet were ultimately used in all subsequent 
analyses. For the purpose of running logistic regression models, I dichotomized the diet 
adherence scores using a cut-off value distinguishing high versus low adherence. This cut-




each diet. Specifically, a visual depiction of the percentile scores revealed that a vertical 
line drawn at the 75th percentile could appropriately divide the diet adherence scores into 
two distinct diet adherence groups. Thus, I selected the 75th percentile as the cut-off value 
for creating the dichotomous diet adherence variable, and this approach differed from the 
methods described in Chapter 3 which described the median score as the cut-off value for 
the dichotomy.  
Baseline Descriptive Characteristics of the Sample 
 A total of 30,442 people participated in the NHANES study during the years 2007-
2012. Of these 12,729 (41.8%) were excluded due to a reported age less than 20 years old. 
Another 5.7% of the initial population (n=1731) were excluded due to missing dietary 
recall information, and smaller fractions were excluded due to missing diabetes laboratory 
testing information (2.3%, n=706) or missing self-reported diabetes information (< 1%, 
n=6). Finally, 33 people (< 1%) were excluded due to non-adherence to any of the five 
dietary patterns of interest to the study. The final study sample consisted of 15,237 U.S. 
adults aged 20 years and older with available diabetes and dietary information. 
There was approximately an even distribution of males and females in the study 
sample (49.1% versus 50.9%, respectively), of which 45.5% were non-Hispanic White, 
20.6% were non-Hispanic Black, 15.6% were Mexican American, and 18.3% belonged to 
other race/ethnicity groups. The diabetes group comprising the greatest proportion of the 
study population was the no diabetes group (48.3%, n=7,357), followed by the unknown 




majority of the study sample reported that they were non-smokers (82.4%, n=12, 556) , did 
not perceive that they were at an increased risk for diabetes (89.1%, n=13,537) and did not 
have a family history of diabetes (60.3%, n=9,187). Although nearly three-fourths of the 
study sample reported that they were physically active (72.6%, n=11, 067), the most 
frequently reported BMI category was “Obese” (36.8%, n=5, 61 2). Among the two 
unhealthy dietary patterns of interest to the study, the Western and Conservative diets, the 
mean adherence score was higher for the former diet (M=44.9, SD=19.7), and for the 
healthy dietary patterns of interest, the mean adherence score was highest for the Prudent 
diet (M=37.7, SD=15.0). 
Table 1 compares the characteristics of the selected study sample and the non-
selected adult population who were adherent to one of the dietary patterns of interest 
(n=705). This table also includes the chi-square p-value derived from testing the null 
hypothesis that there is no significant association between each study variable and the study 
inclusion status (1=included, 0=excluded). Although there were no significant differences 
in the age and gender distributions of the selected and non-selected population (p>.05), 
there were significantly more non-Hispanic White (45.5% versus 30.8%), Mexican 
American (15.6% versus 10.2%, respectively), and Other Hispanic (10.4% versus 8.5%) 
respondents included in the study sample (p < .0001). Moreover, a larger proportion of 
non-Hispanic Black respondents were represented in the non-selected population compared 
to the selected study sample (41.1% versus 20.6%). This difference is likely due to a large 






Selected and Excluded Population, Adults Aged 20 years and Older 
Variable Selected Study 
Population  
(N=15, 237) 




Frequency Percent Frequency Percent 
Age group 2525 16.6 139 19.7 0.0127 
      20-29 years 2576 16.9 126 17.9 
30-39 years 2597 17.0 91 12.9 
40-49 years 2442 16.0 102 14.5 
50-59 years 5097 33.5 247 35.0 
60+ years 2525 16.6 139 19.7 
Gender      
Female 7756 50.9 358 50.8 0.9494 
Male 7481 49.1 347 49.2 
Race/ethnicity      
Non-Hispanic White 6937 45.5 217 30.8 0.0000 
 Non-Hispanic Black 3135 20.6 290 41.1 
Mexican American 2384 15.6 72 10.2 
Other Hispanic 1581 10.4 60 8.5 
Other Race  1200 7.9 66 9.4 
Diabetes status      
No diabetes 7357 48.3 590 83.7 0.0000 
 Unknown prediabetes 4764 31.3 0 0.0 
Known prediabetes 1074 7.0 113 16.0 
Unknown diabetes 585 3.8 2 0.3 
Known diabetes 1457 9.6 0 0.0 
Perceived risk of diabetes      
No 13578 89.1 652 92.5 0.0047 
 Yes 1659 10.9 53 7.5 
Family history of diabetes      
No 9187 60.3 432 61.3 0.6021 
 Yes 6050 39.7 273 38.7 
Physically active      
No 4170 27.4 253 35.9 0.0000 
 Yes 11067 72.6 452 64.1 
BMI category      
Normal 4551 29.9 240 34.0 0.0260 
 Overweight 5074 33.3 206 29.2 
Obese 5612 36.8 259 36.7 
Smoker      
No 12556 82.4 566 80.3 0.1491 





* Note. Frequencies and percentages for diet adherence score replaced with means and standard deviations, 
respectively 
 
(10%), missing diabetes diagnosis information (12%), or both (17%). The non-selected 
population was also significantly more likely than the selected study sample to report that 
they did not have diabetes (83.7% versus 48.3%, p < .0001), which corresponds to missing 
diabetes testing information or missing self-reported diabetes information that ultimately 
led to the exclusion of these cases. The non-selected sample was also significantly more 
likely to report a “Normal” BMI category (34.0% versus 29.9%, p < .05) and significantly 
higher adherence scores for each of the dietary patterns (p  <  .0001). 
Results 
Descriptive Analyses 
Tables 2 and 3 present a summary of the study sample characteristics by each of the 
diabetes comparison groups. The no diabetes group comprised nearly half of the sample 
(48.3%) and included a higher proportion of young adults aged 20-29 years (27.6%) 
compared to the other diabetes groups. In contrast, the known diabetes group comprised 







Table 1 continued 
 
 
Variable Selected Study 
Population  
(N=15, 237) 




Frequency Percent Frequency Percent 
Diet adherence score*     
Conservative diet 35.8 17.7 53.5 16.7 0.0000 
DASH diet 35.8 17.7 53.5 16.7  
 Mediterranean diet 33.7 13.2 37.0 12.9 
Prudent diet 37.7 15.0 53.4 15.9  







Study Population Characteristics (Covariate Variables), by Diabetes Status  
(N = 15, 237)  
 Frequency (%) 







Overall Sample 7357( 48.3%) 4764( 31.3%) 1074( 7.0%) 585( 3.8%) 1457( 9.6%) 
      
Age group 2031( 27.6%) 405( 8.5%) 48( 4.5%) 21( 3.6%) 20( 1.4%) 
     20-29 years 1718( 23.4%) 651( 13.7%) 90( 8.4%) 53( 9.1%) 64( 4.4%) 
30-39 years 1335( 18.1%) 851( 17.9%) 172( 16.0%) 89( 15.2%) 150( 10.3%) 
40-49 years 922( 12.5%) 891( 18.7%) 201( 18.7%) 118( 20.2%) 310( 21.3%) 
50-59 years 1351( 18.4%) 1966( 41.3%) 563( 52.4%) 304( 52.0%) 913( 62.7%) 
60+ years      
Gender      
Female 4003( 54.4%) 2202( 46.2%) 606( 56.4%) 245( 41.9%) 700( 48.0%) 
Male 3354( 45.6%) 2562( 53.8%) 468( 43.6%) 340( 58.1%) 757( 52.0%) 
Race/ethnicity      
Non-Hispanic 
White 
3573( 48.6%) 2130( 44.7%) 493( 45.9%) 206( 35.2%) 535( 36.7%) 
Non-Hispanic 
Black 
1282( 17.4%) 1033( 21.7%) 273( 25.4%) 145( 24.8%) 402( 27.6%) 
Mexican 
American 
1131( 15.4%) 744( 15.6%) 135( 12.6%) 121( 20.7%) 253( 17.4%) 
Other Hispanic 741( 10.1%) 505( 10.6%) 101( 9.4%) 74( 12.6%) 160( 11.0%) 
Other Race  630( 8.6%) 352( 7.4%) 72( 6.7%) 39( 6.7%) 107( 7.3%) 
Perceived risk of 
diabetes 
     
No 6620( 90.0%) 4206( 88.3%) 872( 81.2%) 468( 80.0%) 1412( 96.9%) 
Yes 737( 10.0%) 558( 11.7%) 202( 18.8%) 117( 20.0%) 45( 3.1%) 
Family history of 
diabetes 
     
No 4948( 67.3%) 2966( 62.3%) 478( 44.5%) 304( 52.0%) 491( 33.7%) 
Yes 2409( 32.7%) 1798( 37.7%) 596( 55.5%) 281( 48.0%) 966( 66.3%) 
Physically active      
No 1556( 21.1%) 1370( 28.8%) 387( 36.0%) 220( 37.6%) 637( 43.7%) 
Yes 5801( 78.9%) 3394( 71.2%) 687( 64.0%) 365( 62.4%) 820( 56.3%) 
BMI category      
Normal 2899( 39.4%) 1153( 24.2%) 197( 18.3%) 80( 13.7%) 222( 15.2%) 
Overweight 2508( 34.1%) 1707( 35.8%) 315( 29.3%) 166( 28.4%) 378( 25.9%) 
Obese 1950( 26.5%) 1904( 40.0%) 562( 52.3%) 339( 57.9%) 857( 58.8%) 
Smoker      
No 6052( 82.3%) 3850( 80.8%) 913( 85.0%) 483( 82.6%) 1258( 86.3%) 
Yes 1305( 17.7%) 914( 19.2%) 161( 15.0%) 102( 17.4%) 199( 13.7%) 





Study Population Characteristics (Dependent Variables), by Diabetes Status  
(N = 15, 237)  
a
 Adherence to a specific dietary pattern is defined as having a higher diet adherence score for the dietary 
pattern compared to the score for other dietary patterns; In some cases, respondents were adherent to 
more than one dietary pattern  
 
b
 Frequencies and percentages for Diet Adherence Score replaced with means and standard deviations, 
respectively 
 
adults aged 60 years and older (62.7%). The no diabetes and known prediabetes groups 
were predominantly female (54.4% and 56.4%, respectively), whereas the unknown 
prediabetes, unknown diabetes, and known diabetes groups were predominantly male 
(53.8%, 58.1%, and 52.0%, respectively).  All groups were similar in that they were 
predominantly White (proportions ranging from 35.2% to 48.6%), and the majority were 
non-smokers (range from 80.8% to 86.3%) who were physically active (range from 56.3% 
to 78.9%) and did not perceive that they had a risk of diabetes (range from 80.0% to 
96.9%). The known diabetes and known prediabetes groups more frequently reported that 
they had a family history of diabetes (66.3% and 55.5%, respectively), whereas the no 
 Frequency (%) 










      
Conservative Diet 1010 ( 13.7%) 666 ( 14.0%) 116 ( 10.8%) 94 ( 16.1%) 196 ( 13.5%) 
DASH Diet 398 ( 5.4%) 252 ( 5.3%) 73 ( 6.8%) 28 ( 4.8%) 105 ( 7.2%) 
Mediterranean 
Diet 2845 ( 38.7%) 1839 ( 38.6%) 408 ( 38.0%) 228 ( 39.0%) 558 ( 38.3%) 
Prudent Diet 1748 ( 23.8%) 1126 ( 23.6%) 259 ( 24.1%) 126 ( 21.5%) 345 ( 23.7%) 





     
Conservative Diet 34.60( 17.96) 37.54( 17.89) 38.15( 16.96) 34.84( 14.76) 34.95( 17.07) 
DASH Diet 27.11( 17.27) 31.63( 16.07) 36.85( 12.90) 30.71( 10.52) 30.67( 17.00) 
Mediterranean 
Diet 33.13( 13.52) 34.29( 13.06) 34.75( 12.18) 34.50( 11.88) 33.63( 12.85) 
Prudent Diet 36.89( 15.47) 38.50( 14.63) 39.00( 13.13) 36.64( 12.30) 38.16( 15.80) 




diabetes and unknown prediabetes groups reported a family history of diabetes less 
frequently (32.7% and 37.7%, respectively). The no diabetes group had the lowest 
proportion of obese respondents (26.5%), whereas the known diabetes group had the 
highest proportion (58.8%). 
Diet adherence patterns were similar across all groups. For the unhealthy dietary 
patterns, all groups were more adherent to the Western diet (proportions range from 32.6-
35.6%) than the Conservative diet (proportions range from 10.8–16.1%). For the healthy 
dietary patterns, all groups reported adherence to the Mediterranean diet more frequently 
than the other dietary patterns (proportions ranging from 38.0- 39.0%) and reported 
adherence to the DASH diet less frequently than other diets (range from 4.8%- 7.2%).  
Table 4 presents the percentiles of the diet adherence scores by diet and diabetes 
status. The diet adherence score percentiles for each dietary pattern were nearly identical 
across all groups, suggesting that there are no significant differences in the diet adherence 
score distributions among individuals in different stages of diabetes. However, for the three 
healthy diets, some individuals within the unknown prediabetes group were more adherent 
to the DASH and Mediterranean diets (maximum adherence score of 70% and 88.9%, 
respectively) than individuals in other diabetes groups, and individuals within the no 
diabetes group were more adherent to the Prudent diet (maximum adherence score of 
100%). The results also indicate that individuals in the unknown prediabetes and known 
diabetes groups were more adherent to the unhealthy Conservative diet compared to 






Percentiles of Dietary Pattern Adherence Scores by Diet and Diabetes Status 
 Percentiles 
 5th 25th 50th 75th 90th 95th 99th 100th 
Conservative Diet         
     No diabetes 0.0 25.0 25.0 50.0 50.0 75.0 75.0 75.0 
     Unknown prediabetes 25.0 25.0 25.0 50.0 50.0 75.0 75.0 100.0 
     Known prediabetes 25.0 25.0 25.0 50.0 50.0 75.0 75.0 75.0 
     Unknown diabetes 25.0 25.0 25.0 50.0 50.0 50.0 75.0 75.0 
     Known diabetes 0.0 25.0 25.0 50.0 50.0 50.0 75.0 100.0 
DASH Diet         
     No diabetes 0.0 20.0 30.0 40.0 50.0 50.0 60.0 60.0 
     Unknown prediabetes 0.0 20.0 30.0 40.0 50.0 50.0 60.0 60.0 
     Known prediabetes 20.0 30.0 40.0 50.0 50.0 50.0 70.0 70.0 
     Unknown diabetes 20.0 20.0 30.0 40.0 40.0 40.0 50.0 50.0 
     Known diabetes 0.0 20.0 30.0 40.0 50.0 60.0 60.0 70.0 
Mediterranean Diet         
     No diabetes 11.1 22.2 33.3 44.4 55.6 55.6 66.7 77.8 
     Unknown prediabetes 11.1 22.2 33.3 44.4 55.6 55.6 66.7 88.9 
     Known prediabetes 11.1 33.3 33.3 44.4 55.6 55.6 66.7 77.8 
     Unknown diabetes 11.1 33.3 33.3 44.4 44.4 55.6 66.7 77.8 
     Known diabetes 11.1 22.2 33.3 44.4 44.4 55.6 66.7 66.7 
Prudent Diet         
     No diabetes 16.7 33.3 33.3 50.0 50.0 66.7 66.7 100.0 
     Unknown prediabetes 16.7 33.3 33.3 50.0 50.0 66.7 66.7 83.3 
     Known prediabetes 16.7 33.3 33.3 50.0 50.0 66.7 66.7 83.3 
     Unknown diabetes 16.7 33.3 33.3 50.0 50.0 50.0 66.7 66.7 
     Known diabetes 16.7 33.3 33.3 50.0 50.0 66.7 66.7 83.3 
Western Diet         
     No diabetes 25.0 25.0 50.0 50.0 75.0 75.0 100.0 100.0 
     Unknown prediabetes 25.0 25.0 50.0 50.0 75.0 75.0 100.0 100.0 
     Known prediabetes 25.0 25.0 50.0 50.0 75.0 75.0 100.0 100.0 
     Unknown diabetes 25.0 25.0 50.0 50.0 75.0 75.0 100.0 100.0 
     Known diabetes 25.0 25.0 50.0 50.0 75.0 75.0 100.0 100.0 
 
Figure 1 provides a visual representation of the diet adherence score percentile 
comparisons among the five comparison groups. The nearly identical percentile 
distributions are visually depicted by the overlapping scores at nearly all percentiles, with 
differences noted only at the 100th percentile, or maximum score. For example, some 
individuals within the unknown prediabetes group were 100% adherent to the 






Figure 1. Dietary pattern adherence score percentiles among five diabetes groups. Diet 
adherence scores overlap at nearly all percentiles, reflecting nearly identical diet adherence 
patterns for each diet among the different diabetes groups. 
 
the Prudent diet, which suggests that individuals in the earliest stages of diabetes may 
adhere more to the Mediterranean and Prudent diets than the DASH diet. 
Figure 2 provides another comparison of the adherence score percentile 
distributions but examines the scores within rather than among the comparison groups. 
Differences in adherence to specific diets were noted for each of the groups, and a vertical 





Figure 2. Dietary pattern adherence score percentiles within five diabetes groups. 
Individuals with known and unknown diabetes had high adherence scores for both the 
Western and Conservative diets, but individuals in the latter group adhered more to the 
Conservative diet. Individuals with known prediabetes had the highest adherence scores for 
the DASH and Prudent diets, whereas individuals with unknown prediabetes had the 
highest adherence scores for the Mediterranean diet. 
 
scores into low versus high adherence. Within the known diabetes group, the median diet 
adherence score was highest for the Western diet, and both the Western and Conservative 
diets had the highest maximum adherence score within this group, indicating that some 
individuals within the known diabetes group were 100% adherent or consumed all food 




percentile distribution as the known diabetes group, but individuals within the former group 
appeared to have a greater affinity for the Western diet than the Conservative diet, as the 
scores for this diet were among the highest at every percentile, including the 100th 
percentile in which some individuals were 100% adherent, unlike any other diet. For the 
healthy dietary patterns, individuals within the known diabetes group had higher maximum 
adherence scores for the Prudent and DASH diets than individuals in the unknown diabetes 
group, but individuals in the latter group had a higher maximum adherence to the 
Mediterranean diet compared to the former group. 
Individuals with prediabetes had similar diet adherence score percentile patterns as 
individuals with diabetes. Like the unknown and known diabetes groups, individuals within 
the known and unknown prediabetes groups had a greater affinity for the Western diet than 
other diets, as the scores for this diet were among the highest at every percentile. Contrary 
to the known diabetes group, individuals within the known prediabetes group were less 
adherent to the Conservative diet, as this diet had a lower maximum adherence score in 
comparison to the maximum score observed for the known diabetes group. Like the known 
and unknown diabetes groups, individuals within the known prediabetes group had higher 
maximum adherence scores for the Prudent and DASH diets than individuals within the 
unknown prediabetes group, but individuals in the latter group had a higher maximum 
adherence to the Mediterranean diet compared to the former group.  
The preliminary findings from the percentile comparison analyses may provide new 
ideas about potential differences in dietary habits among individuals in different stages of 




awareness of diabetes status may potentially influence the adherence to healthy dietary 
patterns, as individuals with known prediabetes and known diabetes adhere more to the 
Prudent and DASH diets than individuals with an unknown diabetes status. However, these 
findings were not based on inferential statistical analyses and must be interpreted with 
careful consideration. 
Figure 3 depicts density curves of the overall pattern of diet adherence scores for 
each diabetes group. The adherence scores for all diets were normally distributed, and more 
distributional differences were observed for the Conservative diet than the Western diet. 
Specifically, there was a noticeably higher peak in the Conservative diet density curve for 
the unknown diabetes group, reflecting narrower tails and a smaller standard deviation 
compared to the Conservative diet density curves for the other diabetes groups. These 
findings suggest that individuals in different stages of diabetes have similar adherence 
patterns for the Western diet, yet those with unknown diabetes adhere to the Conservative 
diet more consistently (i.e., with less variation) than the other diabetes groups. Among the 
healthy diets, the adherence score distributions were very similar for the Mediterranean 
diet, but the mean adherence to the DASH diet was higher for the known prediabetes group 
(as seen in the shifted peak to the right) compared to the other groups, and individuals with 
unknown diabetes adhered more consistently to this diet compared to the other groups. 
Both the known prediabetes and unknown diabetes groups adhered more consistently to the 
Prudent diet than the other diabetes groups. 
Figure 4 displays the overall pattern of diet adherence scores within diabetes 





Figure 3. Density curves for diet adherence scores among five diabetes groups. The overall 
pattern of diet adherence scores among the diabetes groups was similar for the Western and 
Mediterranean diets. There was less variability in the Conservative diet adherence scores 
for the unknown diabetes group compared to the other groups. The mean adherence to the 
DASH diet was higher for the known prediabetes group, and individuals with unknown 
diabetes adhered more consistently to the DASH diet compared to the other diabetes 
groups. Individuals with known prediabetes and unknown diabetes adhered more 
consistently to the Prudent diet than the other diabetes groups. 
 
and there were noticeable within-group differences in adherence score patterns. The mean 
adherence scores for the Western diet were higher than the mean scores for the 






Figure 4. Density curves for diet adherence scores within five diabetes groups. All diabetes 
groups had a higher mean adherence to the Western diet compared to the Conservative diet. 
Among healthy diets, all diabetes groups had a higher mean adherence to the 
Mediterranean diet than the DASH and Prudent diets, but there was less variation in the 
scores for the DASH diet compared to the other diets. 
 
had a higher mean adherence to the Mediterranean diet than the DASH and Prudent diets, 
possibly suggesting a greater affinity for this diet than the other healthy diets. However, the 





In order to compare the distribution of scores by known versus unknown diabetes 
status, the known prediabetes and known diabetes groups were combined into a “known 
diabetes status” group and the unknown prediabetes and unknown diabetes groups were 
combined into an “unknown diabetes status” group. Figures 5 and 6 depict the percentile 
score comparisons among and within comparison groups, respectively, based on this new 
grouping. Figure 5 shows that, similar to the previous analysis of five comparison groups, 
adherence to the unhealthy diets was nearly the same across the three comparison groups. 
Percentile scores for the healthy dietary patterns were also similar at nearly every 
percentile, with differences observed only at the 100th percentile. Individuals within the no 
diabetes group had a higher maximum adherence score for the Prudent diet, whereas 
individuals within the unknown diabetes status and known diabetes status groups had a 
higher maximum adherence score for the Mediterranean and DASH diets, respectively. 
Figure 6 depicts within-group diet adherence score percentiles and shows similar results as 
the previous within-group analysis depicted in Figure 2. Namely, adherence to the Western 
diet was consistently high across all comparison groups, but the known and unknown 
diabetes status groups adhered more to the Conservative diet than the no diabetes group. 
Adherence to the DASH diet was higher among individuals within the known diabetes 
status group compared to individuals within the no diabetes and unknown diabetes status 
group. 
Figures 7 and 8 are analogous to Figures 3 and 4 and compare the density curves for 
the diet adherence scores among and within diabetes groups, respectively, using the three-





Figure 5. Dietary pattern adherence score percentiles by diabetes awareness. Percentile 
distributions were nearly the same for the unhealthy dietary patterns. Individuals with no 
diabetes, unknown diabetes, and known diabetes had the highest maximum adherence 
scores for the Prudent, Mediterranean, and DASH diets, respectively. 
 
adherence scores was similar across the three groups, with very few observable differences 
among the unhealthy dietary patterns. For the healthy dietary patterns, individuals within 
the no diabetes group had lower mean adherence scores for the DASH diet compared to 
individuals with diabetes. Figure 8 highlights within-group differences in the overall 
pattern of diet adherence scores for each diabetes group. The results were identical to the 





Figure 6. Dietary pattern adherence score percentiles within diabetes awareness groups. 
Individuals within all diabetes groups had consistently high adherence scores for the 
Western diet, but individuals with diabetes adhered more to the Conservative diet than 
individuals with no diabetes. Individuals within the known diabetes status group had higher 
adherence scores for the DASH diet than individuals within the no diabetes and unknown 







Figure 7. Density curves for diet adherence scores by diabetes awareness. The overall 
pattern of diet adherence scores for the unhealthy diets was similar among the three 
diabetes groups. Individuals within the no diabetes group were less adherent to the DASH 
diet than the other diabetes groups. 
 
adherence to the Western diet compared to the Conservative diet.  Among the healthy diets, 
all groups had a higher mean adherence to the Mediterranean diet than the DASH and 








Figure 8. Density curves for diet adherence scores within diabetes awareness groups. All 
diabetes groups had a higher mean adherence to the Western diet compared to the 
Conservative diet.  All diabetes groups had a higher mean adherence to the Mediterranean 
diet than the DASH and Prudent diets, but there was less variation in the scores for the 







Tables 5 and 6 present the results of weighted one-way ANOVA analyses 
conducted in order to test the null hypothesis that there were no significant differences in 
the mean adherence to unhealthy dietary patterns among the five diabetes groups.  Results 
for both the Conservative and Western diets indicate that there were significant differences 
in the mean adherence scores among the five comparison groups (F (4, 15,236) = 6.45, p  <  
.0001 and F (4, 15,236) =3.19, p  <  .05, respectively). Tables 7 thru 9 present similar 
results of weighted one-way ANOVA analyses conducted to test the null hypothesis that 
there were no significant differences in the mean adherence to healthy dietary patterns 
among the five diabetes groups.  Statistically significant differences were noted for the 
DASH and Prudent diets (F (4, 15,236) = 10.97, p < .0001 and F (4, 15,236) =2.78, p < .05, 
respectively), but the results for the Mediterranean diet were non-significant (F (4, 15,236) 
= 1.51, p>.05). 
Post-hoc tests, shown in Tables 10 thru 14, revealed that the mean adherence to 
both the Conservative diet and Western diet was significantly lower for the no diabetes 
group compared to the unknown prediabetes group (mean difference= -1.53, 95% CI=[-
2.37,-0.69] for Conservative diet and mean difference= -1.53, 95% CI=[-2.37,-0.69] for 
Western diet).  The unknown prediabetes group also had a significantly higher mean 
adherence to the Conservative diet than the known diabetes group (mean difference= 1.57, 
95% CI= [0.27, 2.87]). Compared to individuals with no diabetes, mean adherence scores 
for the DASH diet were significantly higher for individuals with unknown prediabetes 





Weighted One-Way Analysis of Variance of Dietary Pattern Adherence Score by Diabetes 
Status: Conservative Diet 
Source df SS MS F p 
Model 4 95,990,154.21 23,997,538.55 6.45 0.0000 
Error 15,232 56,712,344,435.62 3,723,236.90   
Corrected Total 15,236 56,808,334,589.83    
 
Table 6 
Weighted One-Way Analysis of Variance of Dietary Pattern Adherence Score by Diabetes 
Status: Western Diet 
Source df SS MS F p 
Model 4 95,104,029.54 23,776,007.39 3.19 0.0125 
Error 15,232 113,465,162,747.82 7,449,130.96   
Corrected Total 15,236 113,560,266,777.37    
 
Table 7 
Weighted One-Way Analysis of Variance of Dietary Pattern Adherence Score by Diabetes 
Status: DASH Diet 
Source df SS MS F p 
Model 4 84,979,975.09 21,244,993.77 10.97 0.0000 
Error 15,232 29,508,362,419.50 1,937,261.19   
Corrected Total 15,236 29,593,342,394.59    
 
Table 8 
Weighted One-Way Analysis of Variance of Dietary Pattern Adherence Score by Diabetes 
Status: Mediterranean Diet 
Source df SS MS F p 
Model 4 15,451,240.25 3,862,810.06 1.51 0.1973 
Error 15,232 39,062,660,616.35 2,564,512.91   
Corrected Total 15,236 39,078,111,856.59    
 
Table 9 
Weighted One-Way Analysis of Variance of Dietary Pattern Adherence Score by Diabetes 
Status: Prudent Diet 
Source df SS MS F p 
Model 4 40,365,307.53 10,091,326.88 2.78 0.0254 
Error 15,232 55,366,529,037.41 3,634,882.42   






95% Confidence Intervals of Pairwise Differences in Mean Diet Adherence Score: 
Conservative Diet 








No Diabetes 10.59 0.25 -1.53 [-2.37,-0.69*] -0.45 [-1.81,0.91] -1.24 [-2.98,0.51] 0.04 [-1.18,1.25] 
Unknown 
Prediabetes 
12.12 0.35  1.08 [-0.21,2.37] 0.29 [-1.37,1.96] 1.57 [0.27,2.87*] 
Known Prediabetes 11.04 0.67   -0.79 [-2.80,1.23] 0.49 [-1.38,2.35] 
Unknown Diabetes 11.82 0.79    1.27 [-0.58,3.13] 
Known Diabetes 10.55 0.52         
 
*An asterisk indicates that the 95% confidence interval does not contain zero and the difference in the mean 
diet adherence score is significant at the .05 level of significance 
 
Table 11 
95% Confidence Intervals of Pairwise Differences in Mean Diet Adherence Score: Western 
Diet 








No Diabetes 21.94 0.44 -1.50 [-2.74,-0.25*] -0.71 [-2.66,1.24] 0.38 [-1.82,2.59] 0.14 [-1.91,2.19] 
Unknown 
Prediabetes 
23.44 0.46  0.79 [-1.24,2.82] 1.88 [-0.47,4.23] 1.64 [-0.52,3.79] 
Known Prediabetes 22.65 0.98   1.09 [-2.12,4.30] 0.85 [-2.16,3.85] 
Unknown Diabetes 21.56 1.04    -0.24 [-3.42,2.94] 
Known Diabetes 21.80 0.98         
 
*An asterisk indicates that the 95% confidence interval does not contain zero and the difference in the mean 
diet adherence score is significant at the .05 level of significance 
 
Table 12 
95% Confidence Intervals of Pairwise Differences in Mean Diet Adherence Score: DASH 
Diet 








No Diabetes 15.87 0.25 -0.76 [-1.39,-0.12*] -1.85 [-2.89,-0.81*] -0.55 [-1.66,0.56] -2.02 [-2.99,-1.05*] 
Unknown 
Prediabetes 
16.63 0.28  -1.10 [-2.21,0.01] 0.21 [-0.94,1.35] -1.26 [-2.08,-0.45*] 
Known Prediabetes 17.72 0.47   1.30 [-0.23,2.84] -0.17 [-1.37,1.04] 
Unknown Diabetes 16.42 0.52    -1.47 [-2.77,-0.17*] 
Known Diabetes 17.89 0.41         
 
*An asterisk indicates that the 95% confidence interval does not contain zero and the difference in the mean 









95% Confidence Intervals of Pairwise Differences in Mean Diet Adherence Score: 
Mediterranean Diet 








No Diabetes 24.31 0.26 -0.48 [-1.23,0.28] -0.93 [-2.08,0.21] -0.14 [-1.98,1.69] -0.16 [-1.69,1.37] 
Unknown 
Prediabetes 
24.79 0.33  -0.46 [-1.67,0.75] 0.33 [-1.58,2.25] 0.31 [-1.24,1.87] 
Known Prediabetes 25.25 0.49   0.79 [-1.12,2.70] 0.77 [-0.75,2.30] 
Unknown Diabetes 24.46 0.84    -0.02 [-2.04,2.01] 
Known Diabetes 24.47 0.64         
 
*An asterisk indicates that the 95% confidence interval does not contain zero and the difference in the mean 
diet adherence score is significant at the .05 level of significance 
 
Table 14 
95% Confidence Intervals of Pairwise Differences in Mean Diet Adherence Score: Prudent 
Diet 








No Diabetes 19.43 0.37 -0.76 [-1.61,0.08] -1.16 [-2.51,0.20] 0.52 [-1.13,2.17] -0.96 [-2.36,0.43] 
Unknown 
Prediabetes 
20.19 0.37  -0.40 [-1.73,0.94] 1.28 [-0.27,2.82] -0.20 [-1.40,0.99] 
Known Prediabetes 20.59 0.61   1.68 [-0.04,3.39] 0.19 [-1.47,1.86] 
Unknown Diabetes 18.92 0.70    -1.48 [-3.23,0.26] 
Known Diabetes 20.40 0.63         
 
*An asterisk indicates that the 95% confidence interval does not contain zero and the difference in the mean 
diet adherence score is significant at the .05 level of significance 
 
 
difference= -1.85, 95% CI= [-2.89,-0.81]), and known diabetes (mean difference= -2.02, 
95% CI= [-2.99,-1.05]). Individuals with known diabetes also had higher adherence scores 
for the DASH diet compared to those with unknown prediabetes (mean difference= -1.26, 
95% CI= [-2.08,-0.45]) and unknown diabetes (mean difference=  
-1.47, 95% CI= [-2.77,-0.17]).  
Weighted univariable logistic regression analyses were performed in order to test 
the association of diabetes status and other covariates with the odds of a high adherence 
score for each dietary pattern. High adherence to a certain dietary pattern was defined as 




regression analyses were conducted for each dietary pattern, and for each regression model, 
the known diabetes group was the referent group for the diabetes status independent 
variable. The odds of high adherence to the Conservative diet increased for those with 
unknown prediabetes (OR=1.22, p>.05) compared to those with known diabetes, but the 
increase was not statistically significant. Factors associated with significantly increased 
odds of high adherence to the Conservative diet included male gender (OR=1.81, p < 
.0001) and current status as a smoker (OR=1.39, p < .01). The odds of high adherence to 
the Conservative diet was significantly decreased for non-Hispanic Blacks (OR=0.68, p < 
.05), Mexican Americans (OR=0.75, p < .05), Other Hispanic (OR=0.55, p < .05), and 
Other Race (OR=0.41, p < .05) groups compared to non-Hispanic Whites. Like the 
Conservative diet, male gender was associated with a significant increase in the odds of 
high adherence to the Western diet (OR=1.49, p < .01), and some non-White race/ethnicity 
groups were significantly less likely than non-Hispanic Whites to adhere to the Western 
diet, but no further significant factors influencing the odds of high adherence to the 
Western diet were observed. 
Consistent with the ANOVA analyses, individuals with unknown prediabetes and 
unknown diabetes were less likely than those with known diabetes to have a high 
adherence to the DASH diet, but the results were not statistically significant. Age greater 
than 49 years was associated with increased odds of high adherence to the DASH diet 
(OR=1.82 for age 50-59 years and OR=2.98 for age 60 years and older, p < .05), and both 
current status as a smoker (OR=0.40, p < .01) and non-White race/ethnicity (ORs ranged 




DASH diet.  Age greater than 29 years, non-White race/ethnicity, and being physically 
active were associated with significantly increased adherence to the Mediterranean diet, 
and these factors also significantly influenced the odds of adherence to the Prudent diet. No 
other statistically significant differences in high adherence to healthy dietary patterns 
among the five diabetes groups were observed.   
Weighted multivariable logistic regression analyses were conducted to test the 
association of diabetes status with adherence to each of the dietary patterns controlling for 
other variables. Tables 15 thru 19 present side-by-side comparisons of the univariable and 
multivariable logistic regression results for each diet. Multivariable results for the 
unhealthy diets indicated that individuals with unknown prediabetes were more likely to 
have a high adherence to the Conservative diet compared to individuals with known 
diabetes, controlling for age, gender, race/ethnicity, perceived risk of diabetes, family 
history of diabetes, physical activity, BMI, and current status as a smoker (OR=1.15, 
p=.36), but this finding was not statistically significant.  Male gender (OR=1.70, p < .0001) 
and current status as a smoker (OR=1.30, p < .001) were also significantly associated with 
an increased odds of high adherence to a Conservative diet, controlling for other variables. 
The odds of high adherence to the Western diet increased for all other diabetes groups 
compared to the known diabetes group, controlling for other variables, but these 
differences were not statistically significant. Male gender was also associated with a 
statistically significant increase in the odds of high adherence to the Western diet after 




 Individuals with unknown diabetes were less likely to have a high adherence to the 
DASH diet compared to those with known diabetes after controlling for other variables, but 
this result was not statistically significant. No significant differences in adherence to 
healthy dietary patterns were observed among the five diabetes groups in the multivariable 
analyses.  Age greater than 59 years was associated with significantly increased odds of 
adherence to the DASH diet (OR=2.65, p < .001), and age, male gender, 
Table 15 
Results of Univariable and Multivariable Weighted Logistic Regression Analyses: 
















































































































































Results of Univariable and Multivariable Weighted Logistic Regression Analyses: 




















































































*An asterisk indicates that the 95% confidence interval does not contain 1 and the odds ratio is significant at the .05 level of 
significance 
 
and being physically active were associated with significantly increased odds of adherence 
to both the Mediterranean and Prudent diets after controlling for other variables (p < .05). 
Non-White race/ethnicity was associated with decreased odds of high adherence to all 
dietary patterns after controlling for other variables (p < .05), except the Mediterranean diet 





 Additional univariable and multivariable analyses were conducted to determine if 
knowledge of diabetes status and perceived risk of diabetes significantly influenced the 
odds of high adherence to a particular dietary pattern. The odds of high adherence to the 
unhealthy and healthy dietary patterns among individuals with a known diabetes status 
were compared to those with an unknown diabetes status and to those with no diabetes. The 
results showed that no statistically significant differences in dietary pattern adherence were 
observed based on knowledge of diabetes status. Furthermore, having a perceived risk of 
diabetes did not significantly influence the odds of adherence to healthy or unhealthy 
dietary patterns. 
Table 20 provides a summary of the univariable and multivariable logistic 
regression analysis results for the association of high dietary pattern adherence and diabetes 
status. For each diabetes group, a comparison of the diet-specific univariable and 
multivariable odds ratios provides new insights about relative differences in the odds of 
adherence that may be attributed to diabetes awareness, given the known diabetes group as 
the reference group. For the no diabetes group, the Western diet was associated with 
increased odds of high adherence, unlike the Conservative diet, but this increase was not 
statistically significant. This finding suggests that diabetes awareness may play a larger role 
in the observed differences in adherence to this diet compared to other unhealthy diets. 
That is, differences in adherence to the Western diet between individuals with no diabetes 








Comparison of Univariable and Multivariable Odds of High Adherence to Dietary Patterns 
Compared to Known Diabetes Group, By Diabetes Group 
 Univariable Multivariable 
 p OR [95% CI] p OR [95% CI] 
No diabetes     
     Conservative Diet 0.3881 0.88 [0.65,1.18] 0.2098 0.81 [0.59,1.12] 
      DASH Diet 0.2710 0.73 [0.42,1.27] 0.8069 0.93 [0.50,1.70] 
      Mediterranean Diet 0.6698 1.06 [0.81,1.38] 0.5768 1.10 [0.78,1.55] 
      Prudent Diet 0.0910 0.80 [0.62,1.04] 0.5565 0.92 [0.70,1.21] 
      Western Diet 0.7941 1.02 [0.86,1.21] 0.8689 1.02 [0.82,1.26] 
Unknown Prediabetes     
     Conservative Diet 0.1567 1.22 [0.93,1.61] 0.3553 1.15 [0.86,1.53] 
      DASH Diet 0.7333 0.91 [0.53,1.56] 0.9965 1.00 [0.58,1.73] 
      Mediterranean Diet 0.3438 1.15 [0.86,1.55] 0.5193 1.11 [0.80,1.55] 
      Prudent Diet 0.2353 0.88 [0.71,1.09] 0.4801 0.92 [0.72,1.17] 
      Western Diet 0.1828 1.14 [0.94,1.39] 0.3085 1.12 [0.90,1.39] 
Known Prediabetes     
     Conservative Diet 0.6251 0.90 [0.58,1.39] 0.7918 0.94 [0.61,1.46] 
      DASH Diet 0.3515 0.67 [0.29,1.55] 0.3836 0.70 [0.31,1.57] 
      Mediterranean Diet 0.4077 1.15 [0.82,1.62] 0.3552 1.18 [0.83,1.70] 
      Prudent Diet 0.9940 1.00 [0.68,1.48] 0.9100 1.02 [0.69,1.51] 
      Western Diet 0.4735 1.10 [0.85,1.42] 0.4830 1.10 [0.84,1.45] 
Unknown Diabetes     
     Conservative Diet 0.7687 0.94 [0.60,1.46] 0.8011 0.94 [0.58,1.52] 
      DASH Diet 0.5306 0.74 [0.30,1.88] 0.7791 0.87 [0.34,2.25] 
      Mediterranean Diet 0.4824 0.86 [0.56,1.31] 0.4350 0.83 [0.52,1.32] 
      Prudent Diet 0.0639 0.68 [0.46,1.02] 0.1584 0.73 [0.47,1.13] 
      Western Diet 0.4375 1.12 [0.84,1.49] 0.5356 1.10 [0.81,1.49] 
Known Diabetes     
     Conservative Diet -------- -------- -------- -------- 
      DASH Diet -------- -------- -------- -------- 
      Mediterranean Diet -------- -------- -------- -------- 
      Prudent Diet -------- -------- -------- -------- 
      Western Diet -------- -------- -------- -------- 
 
awareness, and diabetes awareness may play a larger role in the adherence to this diet than 
it does in the adherence to the Conservative diet. Among the healthy diets, the 
Mediterranean diet was the only diet associated with increased odds of adherence among 
the no diabetes group (although the increase was non-significant), and the DASH diet was 
associated with the greatest decrease in the odds of adherence compared to the other diets, 




diabetes groups may largely be explained by diabetes awareness, and diabetes awareness 
may play a larger role in the adherence to these diets than it does in the adherence to the 
other healthy diets.   
 The findings from the univariable and multivariable analyses for the known 
prediabetes group mirrored the findings of the no diabetes group, as individuals with 
known prediabetes were more likely to have a high adherence to the Western diet than the 
Conservative diet compared to those with known diabetes, and they were less likely to 
adhere to the DASH diet than the other healthy diets compared to those with known 
diabetes. The Western diet also stood out as the unhealthy diet that individuals with 
unknown diabetes were the most adherent, and the Prudent diet stood out as the diet in 
which individuals with unknown diabetes were the least adherent compared to those with 
known diabetes. Finally, the unknown prediabetes group were more adherent to the 
Conservative than the Western diet and, like the unknown diabetes group, were the least 
likely to adhere to the Prudent diet than the other healthy diets compared to individuals 
with known diabetes. 
Summary and Transition 
This chapter presented the results of descriptive and statistical analyses of the 
association of dietary pattern adherence and diabetes status among U.S. adults aged 20 
years and older.  Results of the descriptive analyses revealed that there were no major 
differences in adherence to the unhealthy Conservative and Western diets among 
individuals with no diabetes, unknown prediabetes, known prediabetes, unknown diabetes, 




adherence to the healthy DASH, Mediterranean, and Prudent diets among the five diabetes 
groups, the descriptive results showed that, compared to the other diabetes groups, the 
individuals with unknown prediabetes were more adherent to the Mediterranean diet and 
those with no diabetes were more adherent to the Prudent diet.  
A closer look at within-group differences in adherence to specific dietary patterns 
showed that the Western diet was a prominent diet among individuals with prediabetes and 
diabetes, regardless of known or unknown status. However, in comparing the healthy diets, 
individuals with known prediabetes and known diabetes were more likely to adhere to the 
Prudent and DASH diets, and those with unknown prediabetes and unknown diabetes were 
more likely to adhere to the Mediterranean diet.  This difference in adherence to healthy 
dietary patterns was supported by subsequent analyses of known versus unknown diabetes 
status, as those with a known diabetes status were more likely to adhere to the DASH diet, 
and those with an unknown diabetes status were more adherent to the Mediterranean diet. 
However, these preliminary findings were based on visual depictions of the association of 
dietary adherence and diabetes status and were not based on inferential statistical analyses. 
Weighted univariable one-way ANOVA analyses comparing the difference in mean 
adherence to dietary patterns among the five diabetes groups revealed that the unknown 
prediabetes group was more adherent to the unhealthy Conservative and Western diets 
compared to the no diabetes group.  The unknown prediabetes group was also significantly 
more adherent to the Conservative diet than the known diabetes group. Among the healthy 
diets, the known diabetes group had a significantly higher mean adherence score for the 




findings highlight the differences in eating habits of individuals with prediabetes and 
diabetes compared to those with no diabetes. The findings also suggest that there are 
significant differences in adherence to healthy and unhealthy dietary patterns between 
individuals with prediabetes and individuals with diabetes, and knowledge of diabetes 
status may significantly influence changes in eating habits. 
Additional weighted univariable logistic regression analyses comparing the odds of 
high adherence to each diet among the five diabetes groups supported the findings from the 
one-way ANOVA analyses in that the unknown prediabetes group was more likely to 
adhere to the Conservative diet than the known diabetes group, however, the results were 
not statistically significant. Also, the unknown prediabetes and unknown diabetes groups 
were less likely to have a high adherence to the DASH diet compared to the known 
diabetes group, but these results were also not statistically significant. After adjusting for 
covariate factors, individuals with unknown prediabetes were still more likely to adhere to 
the Conservative diet and less likely to adhere to the DASH diet compared to the known 
diabetes group, but these differences were not statistically significant. In fact, no significant 
differences in adherence to dietary patterns among the five diabetes groups were observed 
in the multivariable analyses. Moreover, subsequent logistic regression analyses of 
differences in diet adherence patterns based on diabetes awareness and perceived risk of 
diabetes revealed that there were no significant differences in the adherence to unhealthy or 
healthy dietary patterns among individuals with a known versus unknown diabetes status, 
and having a perceived risk of diabetes also did not significantly influence the adherence to 




A comparison of the multivariable results for each individual diet suggests that the 
Western diet was associated with the greatest differential in diet adherence patterns 
between individuals with known diabetes and individuals with unknown diabetes. 
However, the Conservative diet was associated with the greatest differential in diet 
adherence patterns between individuals with known diabetes and individuals with unknown 
prediabetes. The DASH diet was associated with the greatest differential in diet adherence 
patterns between individuals with known diabetes and individuals with known prediabetes. 
Furthermore, the Prudent diet stood out as the diet associated with the greatest differential 
in diet adherence patterns between individuals with known diabetes and individuals with 
unknown diabetes. Despite these observations of potentially noteworthy differences in 
dietary pattern adherence for certain diabetes groups, there were no statistically significant 
associations in either the univariable or multivariable analyses. The implications of these 
findings will be further discussed in the next chapter.  
Chapter 5 presents a thorough discussion of the study findings, including a detailed 
interpretation of the study results, a discussion of how the study confirms and extends the 
findings of previous studies, a review of the limitations of the study, and recommendations 
for future studies. Chapter 5 also summarizes the answers to each of the research questions 
and the decisions regarding rejection or non-rejection of the null hypotheses. Finally, the 







Chapter 5: Discussion, Conclusions, and Recommendations 
Introduction 
The purpose of this quantitative research study was to explore potential differences 
in adherence to certain diets known to influence the risk of diabetes among adults aged 20 
years and older in different stages of diabetes, including no diabetes, unknown prediabetes, 
known prediabetes, unknown diabetes, and known diabetes.  Using nationally 
representative data from the 2007-2012 NHANES survey, this study compared the mean 
diet adherence score and the odds of adherence to the Western and Conservative diets 
(known to increase the risk of diabetes) and the DASH, Mediterranean, and Prudent diets 
(known to decrease the risk of diabetes) among different diabetes groups. This study was 
conducted in order to determine if some diabetes groups were significantly more likely to 
adhere to certain diets more frequently than others, and if this affinity for certain diets 
ultimately leads to the identification of a “most risky” (i.e., most significantly associated 
with increased diabetes risk) or “most protective” (i.e., most significantly associated with 
decreased diabetes risk) diet for certain diabetes groups. 
 The primary research question of interest was if there was a significant difference 
in the mean adherence to healthy and unhealthy dietary patterns among individuals in 
different stages of diabetes. Results from the study indicated that the null hypothesis 
regarding no significant differences in the mean adherence to unhealthy dietary patterns 
was rejected given significant differences observed among certain diabetes groups. 
Specifically, individuals with unknown prediabetes had a significantly higher mean 




diabetes; those with undiagnosed prediabetes also had a significantly higher mean 
adherence to the Conservative diet compared to individuals with known diabetes. The null 
hypothesis regarding no significant differences in the mean adherence to healthy dietary 
patterns was also rejected given that individuals with known diabetes had a significantly 
higher adherence to the DASH diet than individuals with unknown prediabetes and 
unknown diabetes. These findings suggest that individuals in earlier phases of diabetes who 
are unaware of their prediabetes status may practice more unhealthy eating habits than 
those who are disease-free or who are aware of their disease status. Conversely, individuals 
who are aware of their disease status may practice more healthy eating habits than those 
who are unaware of their disease status. This finding lends support towards the idea that 
knowledge of disease status may significantly influence eating habits. 
A secondary research question was whether the odds of adherence to healthy and 
unhealthy dietary patterns are significantly different among different diabetes groups, 
controlling for covariate factors. Findings from the univariable logistic regression analyses 
revealed that individuals with unknown prediabetes were more likely to have a high 
adherence to the unhealthy Conservative diet compared to those with known diabetes, and 
individuals with unknown prediabetes and unknown diabetes were less likely to have a 
high adherence to the healthy DASH diet compared to individuals with known diabetes. 
However, these findings were not statistically significant, even after controlling for other 
variables. Thus, the secondary null hypothesis, which stated that there was no significant 
difference in the odds of adherence to healthy and unhealthy dietary patterns among the 




Another secondary research question of interest to the study was whether diabetes 
awareness and perceived risk of diabetes were significantly associated with the odds of 
adherence to dietary patterns.  Both variables were statistically non-significant in 
multivariable logistic regression analyses. Thus, the null hypothesis which suggested that 
these variables were not significant predictors of the odds of adherence to dietary patterns 
was not rejected. 
Interpretation of the Findings 
Findings Compared to Peer-reviewed Literature Described in Chapter 2 
This study provides new insights into the dietary habits of individuals in different 
stages of diabetes, particularly those in the early stages of diabetes and those who are 
unaware of their diabetes status. This study found that two dietary patterns known to 
influence the risk of diabetes, the unhealthy Conservative Diet and the healthy DASH diet, 
were independently associated with undiagnosed prediabetes and undiagnosed diabetes, as 
individuals with these conditions had significantly higher mean adherence scores to the 
former diet and significantly lower mean adherence scores to the latter diet compared to 
individuals with known diabetes in univariable analyses. This study also extends previous 
findings that undiagnosed diabetes is significantly associated with decreased odds of 
adherence to the Mediterranean diet (Ortega et al., 2012) by providing new information that 
individuals with undiagnosed diabetes are also less likely to adhere to the DASH diet.  
This study also supports previous findings suggesting that individuals with 
diagnosed diabetes adopt healthier eating patterns than those with no diabetes, and those 




diabetes (Archer et al., 2004). Univariable analyses revealed that individuals with unknown 
prediabetes had a significantly higher mean adherence to the Conservative diet than those 
with no diabetes and those with known diabetes. Thus, in this study, those with known 
diabetes adopted healthier eating habits than those unaware of their diabetes status, and 
those unaware of their diabetes status adopted more unhealthy eating habits than those with 
no diabetes.  
This study also provides new insights into the relative importance of specific 
dietary patterns associated with diabetes risk. A comparison of the unhealthy Western Diet 
and the unhealthy Conservative diet found that individuals who are unaware that they are in 
the early stages of diabetes are more likely to adhere to the Conservative diet than the 
Western diet, yet individuals with no diabetes and individuals who are aware that they are 
in the early stages of diabetes are more likely to adhere to the Western diet. Given the 
findings that awareness of diabetes status does not significantly influence adherence to 
specific dietary patterns, differences observed between the diabetes groups in adherence to 
the Western and Conservative diets suggest differences in dietary preferences that are 
unrelated to awareness of diabetes status.  
The dietary preferences of individuals in different stages of diabetes may provide 
new insights into the role of specific food groups that comprise the dietary patterns. For 
instance, the greater affinity for the Conservative diet than the Western diet observed for 
the unknown prediabetes group may suggest that this group is more likely to consume a 
combination of whole milk, butter, potatoes, and red meat foods which are characteristic of 




which are characteristic of the Western diet. Furthermore, the greater affinity for the DASH 
diet observed for the known diabetes group may suggest that this group is more likely to 
consume a combination of fruits, vegetables, low-fat dairy, nuts, seeds, and whole grain 
foods which are characteristic of the DASH diet. However, observed differences in 
adherence to the diets may also be attributed to the gender and ethnic differences identified 
in the regression analyses. 
This study confirms previous findings about the association of the DASH and 
Prudent diets with diabetes risk. Previous studies identified racial differences in the 
adherence to the DASH diet, as Whites were more likely than other racial groups to see 
positive reductions in diabetes risk after adhering to the DASH diet (Morton, Saydah, & 
Cleary, 2012). This study found similar racial differences in adherence to the DASH diet, 
as non-White race/ethnicity significantly decreased the odds of high adherence to the 
DASH diet in weighted logistic regression analyses. The Prudent diet was previously found 
to be only moderately associated with reduced diabetes risk within a cohort of female 
nurses over the age of 30 with no history of diabetes (Fung, Schulze, Manson, Willett, & 
Hu, 2004), and another study also reported a moderate association between Prudent diet 
adherence and reduced diabetes risk within a cohort of adult Finnish men and women with 
no history of diabetes (Montenen et al., 2005). This study similarly found a moderate 
association between the no diabetes status and adherence to the Prudent diet, as those with 
no diabetes were most likely to adhere to the Mediterranean diet, the least likely to adhere 
to the DASH diet, and moderately adhered to the Prudent diet.  




The theoretical framework for this study was the health belief model, and the 
underlying concept was that an individual’s dietary preferences are influenced by self-
perceived risk of disease or other negative health consequences associated with modifiable 
risk factors such as diet. According to the health belief model, individuals with 
undiagnosed diabetes are more likely to adhere to unhealthy eating habits than those with 
known diabetes due to the latter groups’ greater perception of the negative health 
consequences associated with unhealthy eating. This study found that having a perceived 
risk of diabetes was not a significant predictor of adherence to healthy dietary patterns. 
Also, no statistically significant differences in the adherence to healthy dietary patterns 
were observed between those with undiagnosed versus diagnosed diabetes after controlling 
for other variables. Thus, the findings from this study were not consistent with the tenets of 
the health belief model, potentially suggesting that other confounding factors not 
considered in the study may have influenced the association between dietary pattern 
adherence and diabetes status. 
Given the cross-sectional nature of the study, it is difficult to discern whether 
adherence to dietary patterns preceded or followed the diagnosis of prediabetes or diabetes. 
That is, persons with a diabetes diagnosis might be induced to adhere to better diets, yet 
they may also have an affinity for unhealthy diets which contributed to the initial diagnosis 
of diabetes. Thus, it is difficult to directly apply the health belief model or to establish that 
the knowledge of diabetes or the perceived risk of diabetes was a contributing or causal 





This study was subject to several limitations in the study design and methodology. 
First, the cross-sectional nature of the NHANES study design allows for only one time 
point for data collection. Thus, it is difficult to determine if the observed dietary pattern 
adherence findings are consistent over time or represent the longitudinal eating patterns of 
individuals in different stages of diabetes. Secondly, as previously mentioned, it is difficult 
to directly apply the tenets of the health belief model to this cross-sectional study, as it is 
uncertain whether the adoption of unhealthy dietary patterns is a predictor or an outcome of 
diabetes diagnosis, and the role of perceived health risks in the association of dietary 
pattern adherence and diabetes status remains unclear. Third, given that NHANES collects 
data from the non-institutionalized U.S. population (e.g., excludes individuals residing in 
nursing homes, prisons, college/universities, etc.), the present study cannot be generalized 
to the entire adult U.S. population but rather to the noninstitutionalized adult U.S. 
population. Furthermore, a selection bias may exist in the present study given the exclusion 
of a significantly large proportion of non-Hispanic Blacks due to missing diabetes 
information, dietary recall data, or both, which potentially limits the generalizability of the 
study findings to all non-institutionalized non-Hispanic Blacks in the United States. 
However, this limitation was mitigated by appropriately applying statistical weights in the 
statistical analyses. Fourth, the self-reported dietary data and information regarding 
previous diabetes diagnosis by a doctor were subject to recall and response biases which 




One of the major methodological limitations of the study was the subjective nature 
of measuring the diet adherence dependent variable. Diet adherence score calculations 
reflected the consumption of a unique combination of distinct food groups at a specific 
point in time, but given that some food groups were included in multiple diets (e.g., fruits 
and vegetables were included in the DASH, Mediterranean, and Prudent diets) individuals 
could potentially adhere to more than one diet.  Thus, the diet with the highest adherence 
score was selected for each individual, but more than one diet could be selected for 
individuals with tied maximum adherence scores for multiple diets. Another limitation of 
the diet adherence score calculation was the subjective nature of selecting a cutoff value for 
dichotomizing the scores for purposes of the binary logistic regression analyses.  The 75th 
percentile was selected as the cutoff value based on the visual depiction of the distribution 
of percentile scores, however, as cautioned in the work of Bonaccio et al. (2015), an 
arbitrary cutoff value for categorizing diet adherence scores may lead to imprecise 
measurements of dietary adherence. 
Another methodological limitation of the study was the classification of individuals 
into the five diabetes groups.  A major goal of the study was to determine if awareness of 
diabetes status influences the adoption of healthier eating habits and if people who are 
aware that they are in the early stages of diabetes or actually have diabetes are more likely 
to adhere to heathy dietary patterns than those who are unaware or have no history of 
diabetes. The use of a five-category diabetes status variable in this study allowed for direct 
comparisons of diet adherence patterns between individuals with no diabetes, known 




level of categorization may potentially mystify the independent effects of diabetes 
awareness and stage of diabetes on diet adherence patterns. That is, in order to more 
appropriately address the major goal of the study, perhaps separate analyses comparing diet 
adherence scores of individuals with prediabetes versus diabetes and individuals with 
known versus unknown diabetes is needed in order to better distinguish the effects of 
diabetes stage and diabetes awareness. The rationale for distinguishing diabetes stage and 
diabetes awareness is that individuals with unknown prediabetes and known prediabetes 
may share similar eating habits that are unobserved when these groups are separated into 
two different groups, and the same argument could be made for individuals with unknown 
and known diabetes. Moreover, although this study included a separate analysis of “known 
diabetes status” versus “unknown diabetes status”, individuals with known prediabetes 
were combined with the known diabetes group and those with unknown prediabetes were 
combined with the unknown diabetes group, but these groupings may not have been 
appropriate given the combination of individuals in different stages of diabetes. An 
alternative approach for analyzing the effect of diabetes awareness may be to consider only 
known versus unknown diabetes and to remove the prediabetes cases from the analysis. 
In addition to the methodological limitations concerning the dependent and 
independent variables, there were also limitations with the statistical analysis. First, this 
study used a binary logistic regression approach to determine if there were significant 
differences in the odds of adherence to specific dietary patterns among individuals in 
different stages of diabetes, controlling for covariates. Dichotomous diet adherence score 




mentioned, these dichotomous scores were based on subjective criteria. An alternative 
approach for the analysis would be to use multinomial logistic regression, which can better 
accommodate nominal dependent variables. The use of multinomial logistic regression 
requires mutually exclusive categories of the dependent variable (Starkweather & Moske, 
2011), which may have been accomplished by creating diet adherence categories based on 
tertiles, quartiles, or quintiles of the diet adherence score distributions. However, given the 
interest of comparing low versus high diet adherence scores and the ease of interpreting 
dichotomous versus multinomial odds ratios, a binary logistic regression approach was 
selected for the purpose of this study. 
A second limitation of the statistical analysis was that the potential confounding 
effects of education level, insurance status, occupation, and disease co-morbidities were not 
effectively accounted for, as these variables were excluded from the analysis given that 
they were not consistently included in the regression models of previous studies. 
Differences in adherence to the DASH diet between individuals with known diabetes and 
individuals with unknown prediabetes may partially be explained by one or more of these 
variables. For example, individuals with known diabetes may have a higher prevalence of 
hypertension and, thus, may be more knowledgeable about the DASH diet which is directly 
targeted for individuals with hypertension.  Alternatively, a greater awareness of the DASH 
diet among individuals with known diabetes may also be attributed to a higher education 






Several recommendations for improving the study design and methodology stem 
from the findings and limitations of this study. First, a longitudinal study of the association 
of dietary patterns and diabetes status is recommended. Specifically, a prospective cohort 
study of adults aged 20 years and older with no history of diabetes should be conducted 
such that the participants’ adherence to the different dietary patterns can be measured over 
time, and the relative risk of diabetes associated with the different dietary patterns can be 
assessed at the end of the study. Ideally, this prospective cohort study should measure 
diabetes status based on a combination of self-reported diagnosis and laboratory-based 
measures such as HbA1c and fasting blood glucose. 
One methodological recommendation would be to perform separate analyses for the 
stage of diabetes and awareness of diabetes. For example, the present study considered five 
stages of diabetes: no diabetes, unknown prediabetes, known prediabetes, unknown 
diabetes, and known diabetes. Two alternative ways to classify diabetes status could be to 
use three categories for the stage of diabetes with values for “no diabetes”, “prediabetes”, 
and “diabetes” or to use a three-category variable for diabetes awareness with values for 
“no diabetes”, “unknown diabetes”, and “known diabetes”.  Another methodological 
recommendation would be to use multinomial logistic regression which can better 
accommodate a nominal dependent variable for dietary adherence. The nominal diet 
adherence variable could represent tertiles, quartiles, or quintiles of diet adherence scores, 
similar to the categorical diet adherence scores used in other studies (Perry, 2002; Kerver, 




al., 2005; Liese, Nichols, Sun, D'Agostino, & Haffner, 2009). Finally, future analyses 
should consider the use of factor analysis or cluster analysis methods to identify unique 
dietary patterns frequently consumed by individuals with prediabetes and unknown 
diabetes. Differences in the adherence to these patterns among individuals in different 
stages of diabetes could be explored in an effort to identify potentially new dietary patterns 
not previously observed in a population of individuals with known diabetes.  
Implications 
Given the knowledge that the unknown prediabetes group adheres more to the 
Conservative diet more than the Western diet, this presents new opportunities for 
encouraging reduced adherence to the Conservative dietary pattern in diabetes prevention 
efforts targeted for individuals with unknown prediabetes. Furthermore, although 
individuals with undiagnosed prediabetes were less adherent to the DASH diet compared to 
those with no diabetes and known diabetes, this group was the least adherent to the Prudent 
diet, suggesting that these two diets are less frequently consumed among this group. This 
finding provides new opportunities for encouraging increased adherence to the DASH and 
Prudent diets among individuals with undiagnosed prediabetes.  
This study extends knowledge of covariate factors associated with increased odds of 
adherence to healthy and unhealthy dietary patterns. Male gender was significantly 
associated with increased odds of high adherence to both the Conservative and Western 
diet, and age 50 years and older was significantly associated with increased odds of high 
adherence to the DASH, Mediterranean, and Prudent diets after controlling for other 




adherence to the Mediterranean diet. These findings highlight demographic differences in 
the adherence to dietary patterns associated with diabetes risk that are independent of 
diabetes status, presenting new opportunities for more targeted dietary interventions to help 
reduce the risk of diabetes within these demographic groups. For instance, future diabetes 
prevention interventions should encourage adult males to avoid Western and Conservative 
dietary patterns, which both consist of red, processed meats and high-fat dairy products. 
Future interventions should also encourage adults between the ages of 20-49 to adhere 
more to healthy dietary patterns such as the DASH, Mediterranean, and Prudent diets, 
which consist of a high consumption of fruits and vegetables. 
Summary and Conclusion 
This study is one of the first studies to consider the relative importance of healthy 
and unhealthy dietary patterns that influence the risk of diabetes. By combining self-
reported and laboratory-based diabetes information, this study provided a unique look into 
the eating habits of individuals in five different stages of diabetes, which included no 
diabetes, unknown prediabetes, known prediabetes, unknown diabetes, and known 
diabetes. The central research question of interest to the study was whether there was a 
significant difference in the mean adherence to healthy and unhealthy dietary patterns 
among individuals in the five diabetes stages. The null hypothesis suggesting that there is 
no significant difference in the mean adherence to healthy and unhealthy dietary patterns 
was rejected given that individuals with unknown prediabetes were significantly more 
likely to adhere to the unhealthy Conservative diet than individuals with no diabetes and 




adhere to the healthy DASH diet than individuals with unknown prediabetes and those with 
known diabetes. After considering the odds of high adherence to specific dietary patterns 
and adjusting for the additional covariates of age, race/ethnicity, gender, family history of 
diabetes, perceived risk of diabetes, physical activity level, BMI category, and smoking 
status, the association between dietary pattern adherence and diabetes status was non-
significant. However, some covariate factors such as male gender and current status as a 
smoker were associated with a significant increase in the odds of high adherence to 
unhealthy dietary patterns, and other covariate factors such as older age, non-Hispanic 
White race/ethnicity and being physically active were associated with a significant 
increased odds of high adherence to healthy dietary patterns. Thus, these factors may 
explain more of the variation in dietary pattern adherence than diabetes status. 
The findings from this study provide new insights into the independent association 
of unknown prediabetes and Conservative diet adherence as well as the independent 
association of known diabetes and DASH diet adherence. The positive social change 
implications from these findings include new opportunities for educating individuals with 
unknown prediabetes about the negative health consequences of adopting a Conservative 
diet and educating individuals with known diabetes about the benefits of the DASH diet. 
Furthermore, given that males were significantly more likely than females to adhere to the 
Conservative diet and older individuals were more likely to adhere to the DASH diet, males 
with unknown prediabetes and older adults with known diabetes may require more targeted 




Future studies of the association between dietary pattern adherence and diabetes 
status should consider major changes to the research design and methodology used in this 
study. First, a prospective cohort design should be used in order to allow for multiple time 
points for collecting food intake data and laboratory-based diabetes information. Secondly, 
a multinomial regression analysis should be conducted in order to assess the association of 
a nominal diet adherence dependent variable with diabetes status, controlling for multiple 
covariate factors. Finally, more advanced statistical analyses should be considered that 
would allow for more robust variable selection criteria for the variables included in the 
final regression model.  
This research will continue beyond the completion of a dissertation study and 
extends further than the fulfillment of doctoral degree requirements. Immediate next steps 
for continuing this work include disseminating preliminary dissertation findings to the 
internal Walden community by submitting the work to ProQuest UMI and publishing the 
dissertation within Walden’s database of completed dissertations and theses. Another next 
step would be to implement several recommendations for improving the study 
methodology, including reconsidering the covariate variables included in the logistic 
regression models, adding interaction terms to the regression models, and using 
multinomial rather than binomial logistic regression. Next, the findings from the updated, 
improved study would be disseminated to external audiences via national conferences, such 
as the American Public Health Association (APHA) annual conference, or peer-reviewed 
journal publications, such as the American Journal of Public Health. Finally, long-term 




implement a prospective cohort study that would more appropriately assess longitudinal 
adherence to dietary patterns over time and its association with diabetes status. This 
collaborative work may ultimately lead to innovative findings, such as the discovery of 






American Diabetes Association. (2013). Economic costs of diabetes in the US in 
2012. Diabetes Care, 36(4), 1033-1046. 
Aponte, J. (2010). Key elements of large survey data sets. Nursing Economics, 28(1), 27–
36. 
Archer, E., Hand, G. A., & Blair, S. N. (2013). Validity of US nutritional surveillance: 
National Health and Nutrition Examination Survey caloric energy intake data, 
1971–2010. PloS One, 8(10), e76632. 
Archer, S. L., Greenlund, K. J., Valdez, R., Casper, M. L., Rith-Najarian, S., & Croft, J. B. 
(2004). Differences in food habits and cardiovascular disease risk factors among 
Native Americans with and without diabetes: the Inter-Tribal Heart Project. Public 
Health Nutrition, 7(08), 1025-1032. 
Aune, D., Norat, T., Romundstad, P., & Vatten, L. J. (2013). Dairy products and the risk of 
type 2 diabetes: a systematic review and dose-response meta-analysis of cohort 
studies. The American Journal of Clinical Nutrition, ajcn-059030. 
Aune, D., Ursin, G., & Veierød, M. B. (2009). Meat consumption and the risk of type 2 
diabetes: a systematic review and meta-analysis of cohort studies. Diabetologia, 
52(11), 2277-2287. 
Ben-Avraham, S., Harman-Boehm, I., Schwarzfuchs, D., & Shai, I. (2009). Dietary 
strategies for patients with type 2 diabetes in the era of multi-approaches; review 
and results from the Dietary Intervention Randomized Controlled Trial (DIRECT). 




Bhoraskar, A. (2005). Nutrition in prediabetes. Journal of the Indian Medical 
Association, 103(11), 596-598. 
Body mass index [Def. 1]. (n.d.). In Merriam Webster Online Dictionary, Retrieved from 
http://www.merriam-webster.com/dictionary/body%20mass%20index. 
Bonaccio, M., Di Castelnuovo, A., Costanzo, S., Persichillo, M., De Curtis, A., Donati, M. 
B., ... & Iacoviello, L. (2015). Adherence to the traditional Mediterranean diet and 
mortality in subjects with diabetes. Prospective results from the MOLI-SANI study. 
European Journal of Preventive Cardiology. 




Burkholder, G. (n.d.). Sample size analysis for quantitative studies. Retrieved from 
https://class.waldenu.edu/bbcswebdav/institution/USW1/201430_01/XX_RSCH/RS
CH_8200/Week%206/Resources/Resources/embedded/Sample_Size_Analysis.pdf. 
Carter, P., Gray, L. J., Troughton, J., Khunti, K., & Davies, M. J. (2010). Fruit and 
vegetable intake and incidence of type 2 diabetes mellitus: Systematic review and 
meta-analysis. British Medical Journal, 341:c4229. doi:10.1136/bmj.c4229 
Chen, M., Sun, Q., Giovannucci, E., Mozaffarian, D., Manson, J. E., Willett, W. C., & Hu, 
F. B. (2014). Dairy consumption and risk of type 2 diabetes: 3 cohorts of US adults 
and an updated meta-analysis. BMC Medicine, 12(1), 215. 




consumption and risk of type 2 diabetes mellitus in men: a prospective study. 
Archives of Internal Medicine, 165(9), 997-1003. 
Cowie, C. C., Rust, K. F., Ford, E. S., Eberhardt, M. S., Byrd-Holt, D. D., Li, C., ... & 
Geiss, L. S. (2009). Full accounting of diabetes and pre-diabetes in the US 
population in 1988–1994 and 2005–2006. Diabetes Care, 32(2), 287-294. 
Creswell, J. (2013). Research design: Qualitative, quantitative, and mixed methods 
approaches (Laureate Education, Inc., custom ed.). Thousand Oaks, CA: Sage 
Publications. 
de Munter, J. S., Hu, F. B., Spiegelman, D., Franz, M., & van Dam, R. M. (2007). Whole 
grain, bran, and germ intake and risk of type 2 diabetes: a prospective cohort study 
and systematic review. PLoS Medicine, 4(8), e261. 
Diabetes [Def. 1]. (n.d.). In Merriam Webster Online Dictionary, Retrieved November 17, 
2014, from http://www.merriam-webster.com/dictionary/diabetes. 
Diabetes.org (2015). Glycemic index and diabetes. Retrieved from 
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/understanding-
carbohydrates/glycemic-index-and-diabetes.html?loc=ff-slabnav. 
Diabetes Prevention Program Research Group. (2002). Reduction in the incidence of type 2 
diabetes with lifestyle intervention or metformin. The New England Journal of 
Medicine, 346(6), 393. 
Djoussé, L., Gaziano, J. M., Buring, J. E., & Lee, I. M. (2009). Egg consumption and risk 
of type 2 diabetes in men and women. Diabetes Care,32(2), 295-300. 




Their Associations With Dietary Intake, Exercise, and Metabolic Syndrome 
Characteristics in an Overweight and Obese Family Medicine Population. Journal 
of Primary Care & Community Health, 2(1), 6-10. 
Elwood, P. C., Pickering, J. E., & Fehily, A. M. (2007). Milk and dairy consumption, 
diabetes and the metabolic syndrome: the Caerphilly prospective study. Journal of 
Epidemiology and Community Health, 61(8), 695-698. 
Elwood, P. C., Pickering, J. E., Givens, D. I., & Gallacher, J. E. (2010). The consumption 
of milk and dairy foods and the incidence of vascular disease and diabetes: an 
overview of the evidence. Lipids, 45(10), 925-939. 
Endicott, L. (2010). Institutional review board (IRB) frequently asked questions [Online 
tutorial].  Retrieved from http://my.campuscruiser.com/cruiser/waldenu/ctl/self-
paced_trainings/irb/IRB.htm. 
Erber, E., Hopping, B. N., Grandinetti, A., Park, S. Y., Kolonel, L. N., & Maskarinec, G. 
(2010). Dietary patterns and risk for diabetes: The Multiethnic cohort. Diabetes 
Care, 33(3), 532-538. 
Esposito, K., Maiorino, M. I., Ceriello, A., & Giugliano, D. (2010). Prevention and control 
of type 2 diabetes by Mediterranean diet: a systematic review. Diabetes Research 
and Clinical Practice, 89(2), 97-102. 
Ezzati-Rice, T. M., & Murphy, R. S. (1995). Issues associated with the design of a national 
probability sample for human exposure assessment. Environmental Health 
Perspectives, 103(Suppl 3), 55. 





Fitzgerald, N., Damio, G., Segura-Pérez, S., & Pérez-Escamilla, R. (2008). Nutrition 
knowledge, food label use, and food intake patterns among Latinas with and 
without type 2 diabetes. Journal of the American Dietetic Association, 108(6), 960-
967. 
Frankfort-Nachmias, C., & Nachmias, D. (2008). Research Methods in the Social Sciences 
(7th ed.). New York: Worth. 
Franse, L. V., Di Bari, M., Shorr, R. I., Resnick, H. E., Van Eijk, J. T., Bauer, D. C., ... & 
Pahor, M. (2001). Type 2 diabetes in older well-functioning people: who is 
undiagnosed? Data from the Health, Aging, and Body Composition study. Diabetes 
Care, 24(12), 2065-2070. 
Friday, J.E., and Bowman, S.A. (2006). MyPyramid equivalents database for 
USDA survey food codes, 1994-2002 Version 1.0. Beltsville, MD: 
USDA, Agricultural Research Service, Beltsville Human Nutrition Research 
Center, Community Nutrition Research Group. Available at: 
http://www.barc.usda.gov/bhnrc/cnrg. 
Fung, T. T., Schulze, M., Manson, J. E., Willett, W. C., & Hu, F. B. (2004). Dietary 
patterns, meat intake, and the risk of type 2 diabetes in women. Archives of Internal 
Medicine, 164(20), 2235-2240. 
Gherman, A., Schnur, J., Montgomery, G., Sassu, R., Veresiu, I., & David, D. (2011). How 
are adherent people more likely to think? A meta-analysis of health beliefs and 




Glanz, K., & Bishop, D. B. (2010). The role of behavioral science theory in development 
and implementation of public health interventions. Annual Review of Public Health, 
31, 399–418. 
Harding, A. H., Wareham, N. J., Bingham, S. A., Khaw, K., Luben, R., Welch, A., & 
Forouhi, N. G. (2008). Plasma vitamin C level, fruit and vegetable consumption, 
and the risk of new-onset type 2 diabetes mellitus: the European prospective 
investigation of cancer–Norfolk prospective study. Archives of internal 
medicine,168(14), 1493-1499. 
Harris, M. I., & Eastman, R. C. (2000). Early detection of undiagnosed diabetes mellitus: a 
US perspective. Diabetes/Metabolism Research and Reviews, 16(4), 230-236. 
Harvey, J. N., & Lawson, V. L. (2009). The importance of health belief models in 
determining self‐care behaviour in diabetes. Diabetic Medicine, 26(1), 5-13. 
Heikes, K. E., Eddy, D. M., Arondekar, B., & Schlessinger, L. (2008). Diabetes Risk 
Calculator A simple tool for detecting undiagnosed diabetes and pre-
diabetes. Diabetes Care, 31(5), 1040-1045. 
Hemoglobin A1c [Def. 2]. (n.d.). In Merriam Webster Online Medical Dictionary, 
Retrieved November 17, 2014, from http://www.merriam-
webster.com/medical/hemoglobin%20a1c. 
Hoyert, D. L., & Xu, J. (2012). Deaths: preliminary data for 2011. National vital statistics 
reports, 61(6), 1-51. 
Hu, E. A., Pan, A., Malik, V., & Sun, Q. (2012). White rice consumption and risk of type 2 




Hu, F. B. (2002). Dietary pattern analysis: a new direction in nutritional epidemiology. 
Current opinion in lipidology, 13(1), 3-9. 
Hu, F. B., Stampfer, M. J., Rimm, E. B., Manson, J. E., Ascherio, A., Colditz, G. A., ... & 
Willett, W. C. (1999). A prospective study of egg consumption and risk of 
cardiovascular disease in men and women. Journal of the American Medical 
Association, 281(15), 1387-1394. 
Impaired glucose tolerance [Def. 1]. (2012). In eMedicineHealth.com, Retrieved November 
17, 2014, from http://www.medicinenet.com/script/main/art.asp?articlekey=16195. 
InterAct Consortium. (2013). Association between dietary meat consumption and incident 
type 2 diabetes: the EPIC-InterAct study. Diabetologia, 56(1), 47. 
Itsiopoulos, C., Brazionis, L., Kaimakamis, M., Cameron, M., Best, J. D., O’Dea, K., & 
Rowley, K. (2011). Can the Mediterranean diet lower HbA1c in type 2 diabetes? 
Results from a randomized cross-over study. Nutrition, Metabolism and 
Cardiovascular Diseases, 21(9), 740-747. 
Jarvandi, S., Davidson, N., Jeffe, D., & Schootman, M. (2012). Influence of lifestyle 
factors on inflammation in men and women with type 2 diabetes: results from the 
National Health and Nutrition Examination Survey, 1999-2004. Annals Of 
Behavioral Medicine: A Publication of the Society of Behavioral Medicine, 44(3), 
399-407. doi:10.1007/s12160-012-9397-y 
Jensen, A., & Sherman, S. (2014). In patients at high CV risk, a Mediterranean diet plus 
olive oil reduced diabetes more than advising a low-fat diet. Annals of Internal 




Kalergis, M., Yinko, S. S. L., & Nedelcu, R. (2013). Dairy products and prevention of type 
2 diabetes: implications for research and practice. Frontiers in Endocrinology, 4. 
Kant, A.K., Schatzkin, A., Harris, T.B., Ziegler, R.G., & Block, G. (1993). Dietary 
diversity and subsequent mortality in the First National Health and Nutrition 
Examination Survey Epidemiologic Follow-up Study. American Journal of Clinical 
Nutrition, 57:434-440. 
Kerver, J. M., Yang, E. J., Bianchi, L., & Song, W. O. (2003). Dietary patterns associated 
with risk factors for cardiovascular disease in healthy US adults. The American 
Journal of Clinical Nutrition, 78(6), 1103-1110. 
Koenig, R. J., Peterson, C. M., Kilo, C., Cerami, A., & Williamson, J. R. (1976). 
Hemoglobin AIc as an indicator of the degree of glucose intolerance in 
diabetes. Diabetes, 25(3), 230-232. 
Kratz, M., Baars, T., & Guyenet, S. (2013). The relationship between high-fat dairy 
consumption and obesity, cardiovascular, and metabolic disease. European Journal 
of Nutrition, 52(1), 1-24. 
Krishnan, S., Coogan, P. F., Boggs, D. A., Rosenberg, L., & Palmer, J. R. (2010). 
Consumption of restaurant foods and incidence of type 2 diabetes in African 
American women. The American Journal of Clinical Nutrition, 91(2), 465-471. 
Krishnan, S., Rosenberg, L., Singer, M., Hu, F. B., Djoussé, L., Cupples, L. A., & Palmer, 
J. R. (2007). Glycemic index, glycemic load, and cereal fiber intake and risk of type 
2 diabetes in US black women. Archives of Internal Medicine,167(21), 2304-2309. 




Methods. Baltimore, MD: Author. 
Li, C., Ford, E. S., Zhao, G., & Mokdad, A. H. (2009). Prevalence of pre-diabetes and its 
association with clustering of cardiometabolic risk factors and hyperinsulinemia 
among US adolescents National Health and Nutrition Examination Survey 2005–
2006. Diabetes Care, 32(2), 342-347. 
Li, Y., Zhou, C., Zhou, X., & Li, L. (2013). Egg consumption and risk of cardiovascular 
diseases and diabetes: a meta-analysis. Atherosclerosis,229(2), 524-530. 
Liese, A. D., Nichols, M., Sun, X., D'Agostino, R. r., & Haffner, S. M. (2009). Adherence 
to the DASH diet is inversely associated with incidence of type 2 diabetes: the 
insulin resistance atherosclerosis study. Diabetes Care, 32(8), 1434. 
Liu, S., Choi, H. K., Ford, E., Song, Y., Klevak, A., Buring, J. E., & Manson, J. E. (2006). 
A prospective study of dairy intake and the risk of type 2 diabetes in women. 
Diabetes Care, 29(7), 1579-1584. 
Lorenzo, C., Wagenknecht, L. E., Hanley, A. J., Rewers, M. J., Karter, A. J., & Haffner, S. 
M. (2010). A1C Between 5.7 and 6.4% as a Marker for Identifying Pre-Diabetes, 
Insulin Sensitivity and Secretion, and Cardiovascular Risk Factors The Insulin 
Resistance Atherosclerosis Study (IRAS). Diabetes Care,33(9), 2104-2109. 
Mann, J. I., & Te Morenga, L. (2013). Diet and diabetes revisited, yet again. The American 
Journal of Clinical Nutrition, 97(3), 453-454. 
Margolis, K. L., Wei, F., de Boer, I. H., Howard, B. V., Liu, S., Manson, J. E., ... & Tinker, 
L. F. (2011). A diet high in low-fat dairy products lowers diabetes risk in 




Marques, S., & Lima, M. L. (2011). Living in grey areas: Industrial activity and 
psychological health. Journal of Environmental Psychology, 31(4), 314-322. 
Martínez-González, M. Á., De la Fuente-Arrillaga, C., Nuñez-Cordoba, J. M., Basterra-
Gortari, F. J., Beunza, J. J., Vazquez, Z., ... & Bes-Rastrollo, M. (2008). Adherence 
to Mediterranean diet and risk of developing diabetes: prospective cohort study. 
British Medical Journal, 336(7657), 1348-1351. 
Montonen, J., Knekt, P., Härkänen, T., Järvinen, R., Heliövaara, M., Aromaa, A., & 
Reunanen, A. (2005). Dietary patterns and the incidence of type 2 diabetes. 
American Journal of Epidemiology, 161(3), 219-227. 
Morton, S., Saydah, S., & Cleary, S. D. (2012). Consistency with the Dietary Approaches 
to Stop Hypertension diet among adults with diabetes. Journal of the Academy of 
Nutrition and Dietetics, 112(11), 1798-1805. 
Murakami, K., Okubo H., & Sasaki, S. (2005). Effect of dietary factors on incidence of 
type 2 diabetes: a systematic review of cohort studies. Journal of Nutritional 
Science and Vitaminology, 51(4), 292-310. 
Nakagami, K., Yamauchi, T., Noguchi, H., Maeda, T., & Nakagami, T. (2013). 
Development and validation of a new instrument for testing functional health 
literacy in Japanese adults. Nursing & Health Sciences. doi: 10.1111/nhs.12087 
Narayan, K. V., Imperatore, G., Benjamin, S. M., & Engelgau, M. M. (2002). Targeting 
people with pre-diabetes: lifestyle interventions should also be aimed at people with 
pre-diabetes. BMJ: British Medical Journal, 325(7361), 403. 




N. G. (2014). Dietary dairy product intake and incident type 2 diabetes: a 
prospective study using dietary data from a 7-day food diary. Diabetologia,57(5), 
909-917. 
Ochoa, P. S., Terrell, B. T., Vega, J. A., Mnjoyan, S. Z., Lu, C., Klein, M. S.,… & Binkley, 
G. W. (2014). Identification of Previously Undiagnosed Diabetes and Prediabetes in 
the Inpatient Setting Using Risk Factor and Hemoglobin A1C Screening. Annals of 
Pharmacotherapy, 1060028014547383. 
Olson, D. E., Rhee, M. K., Herrick, K., Ziemer, D. C., Twombly, J. G., & Phillips, L. S. 
(2010). Screening for diabetes and pre-diabetes with proposed A1C-based 
diagnostic criteria. Diabetes Care, 33(10), 2184-2189. 
Oral glucose tolerance test [Def. 1]. (2012). In eMedicineHealth.com, Retrieved November 
17, 2014, from http://www.medicinenet.com/script/main/art.asp?articlekey=16194. 
Ortega, E., Franch, J., Castell, C., Goday, A., Ribas-Barba, L., Soriguer, F., ... & Gomis, R. 
(2012). Mediterranean diet adherence in individuals with prediabetes and unknown 
diabetes: the Di@ bet. es Study. Annals of nutrition & metabolism, 62(4), 339-346. 
Pan, A., Sun, Q., Manson, J. E., Willett, W. C., & Hu, F. B. (2013). Walnut consumption is 
associated with lower risk of type 2 diabetes in women. The Journal of Nutrition, 
143(4), 512-518. 
Parillo, M., & Riccardi, G. (2004). Diet composition and the risk of type 2 diabetes: 
epidemiological and clinical evidence. British Journal of Nutrition,92(01), 7-19. 
Perreault, L., Kahn, S. E., Christophi, C. A., Knowler, W. C., & Hamman, R. F. (2009). 




prevention program. Diabetes Care, 32(9), 1583-1588. 
Perry, I. J. (2002). Healthy diet and lifestyle clustering and glucose intolerance. 
Proceedings of the Nutrition Society, 61(04), 543-551. 
Radzevičienė, L., & Ostrauskas, R. (2012). Egg consumption and the risk of type 2 
diabetes mellitus: a case–control study. Public health nutrition, 15(08), 1437-1441. 
Rudestam, K. E., & Newton, R. R. (2007). Surviving your dissertation: A comprehensive 
guide to content and process (3rd ed.). Thousand Oaks, CA: Sage. 
Rydén, L., Standl, E., Bartnik, M., Van den Berghe, G., Betteridge, J., De Boer, M. J., ... & 
Wood, D. (2007). Guidelines on diabetes, pre-diabetes, and cardiovascular diseases: 
executive summary The Task Force on Diabetes and Cardiovascular Diseases of the 
European Society of Cardiology (ESC) and of the European Association for the 
Study of Diabetes (EASD). European heart journal, 28(1), 88-136. 
Sacks, D. B. (2011). A1C versus glucose testing: a comparison. Diabetes care, 34(2), 518-
523. 
Salas-Salvadó, J., Bulló, M., Babio, N., Martínez-González, M. Á., Ibarrola-Jurado, N., 
Basora, J., ... & Ros, E. (2011). Reduction in the Incidence of Type 2 Diabetes With 
the Mediterranean Diet Results of the PREDIMED-Reus nutrition intervention 
randomized trial. Diabetes care, 34(1), 14-19. 
Salmerón, J., Ascherio, A., Rimm, E. B., Colditz, G. A., Spiegelman, D., Jenkins, D. J., ... 
& Willett, W. C. (1997). Dietary fiber, glycemic load, and risk of NIDDM in men. 
Diabetes care, 20(4), 545-550. 




Predicting Perceived and Actual Dietary Quality1. Journal of Applied Social 
Psychology, 28(3), 235-248. 
Saudek, C. D., Herman, W. H., Sacks, D. B., Bergenstal, R. M., Edelman, D., & Davidson, 
M. B. (2008). A new look at screening and diagnosing diabetes mellitus. The 
Journal of Clinical Endocrinology & Metabolism,93(7), 2447-2453. 
Schulze, M. B., Schulz, M., Heidemann, C., Schienkiewitz, A., Hoffmann, K., & Boeing, 
H. (2007). Fiber and magnesium intake and incidence of type 2 diabetes: a 
prospective study and meta-analysis. Archives of Internal Medicine, 167(9), 956-
965. 
Shapiro, M. F., Berk, M. L., Berry, S. H., Emmons, C. A., Athey, L. A., Hsia, D. C., ... & 
Bozzette, S. A. (1999). National probability samples in studies of low-prevalence 
diseases. Part I: Perspectives and lessons from the HIV cost and services utilization 
study. Health Services Research, 34(5 Pt 1), 951. 
Sherwin, R. S., Anderson, R. M., Buse, J. B., Chin, M. H., Eddy, D., Fradkin, J., ... & 
American Diabetes Association. (2003). The prevention or delay of type 2 
diabetes. Diabetes Care, 26, S62. 
Silverman, R. A., Thakker, U., Ellman, T., Wong, I., Smith, K., Ito, K., & Graff, K. (2011). 
Hemoglobin A1c as a screen for previously undiagnosed prediabetes and diabetes in 
an acute-care setting. Diabetes Care,34(9), 1908-1912. 
Simmons, R. K., Harding, A. H., Wareham, N. J., & Griffin, S. J. (2007). Do simple 
questions about diet and physical activity help to identify those at risk of Type 2 




Standl, E., Erbach, M., & Schnell, O. (2013). Glycemic Control: A Combination of 
Lifestyle Management and the Use of Drugs. Cardiology and Therapy, 2(1), 1-16. 
Starkweather, J. & Moske, K. A. (2011). Multinomial Logistic Regression. Retrieved from 
http://www.unt.edu/rss/class/Jon/Benchmarks/MLR_JDS_Aug2011.pdf.  
Sun, Q., Spiegelman, D., van Dam, R. M., Holmes, M. D., Malik, V. S., Willett, W. C., & 
Hu, F. B. (2010). White rice, brown rice, and risk of type 2 diabetes in US men and 
women. Archives of Internal Medicine, 170(11), 961-969. 
Szklo, M., & Nieto, F. J. (2014). Epidemiology: Beyond the Basics (3rd ed.). Sudbury, MA: 
Jones and Bartlett.  
Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach's alpha. International 
Journal of Medical Education, 2: 53-55. 
Tong, X., Dong, J. Y., Wu, Z. W., Li, W., & Qin, L. Q. (2011). Dairy consumption and risk 
of type 2 diabetes mellitus: a meta-analysis of cohort studies. European Journal of 
Clinical Nutrition, 65(9), 1027-1031. 
Trichopoulou, A., Kouris-Blazos, A., Wahlqvist, M. L., Gnardellis, C., Lagiou, P., 
Polychronopoulos, E., ... & Trichopoulos, D. (1995). Diet and overall survival in 
elderly people. British Medical Journal, 311(7018), 1457-1460. 
Trochim, W. M. (2006). The Research Methods Knowledge Base (2nd ed.). Retrieved from  
http://www.socialresearchmethods.net/kb/. 
Type 2 diabetes [Def. 1]. (2013). In eMedicineHealth.com, Retrieved November 17, 2014, 
from http://www.emedicinehealth.com/script/main/art.asp?articlekey=2974. 




resident population for selected age groups. Retrieved January 12, 2014, from 
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=P
EP_2012_PEPAGESEX&prodType=table. 
U.S. Department of Health and Human Services, Centers for Disease Control and 
Prevention. (n.d.). Key concepts about NHANES survey design. Retrieved from 
http://www.cdc.gov/nchs/tutorials/nhanes/SurveyDesign/SampleDesign/Info1.htm. 
U.S. Department of Health and Human Services, Centers for Disease Control and 
Prevention. (2013). National Health and Nutrition Examination Survey 2011-2012 
overview. Retrieved from http://www.cdc.gov/nchs/nhanes/nhanes2011-
2012/overview_g.htm. 
U.S. Department of Health and Human Services, Centers for Disease Control and 
Prevention. (2014). National diabetes statistics report, 2014. Retrieved from 
http://www.cdc.gov/diabetes/pubs/statsreport14.htm. 
Walden University. (2012). Institutional review board for ethical standards in 
research. Retrieved from http://researchcenter.waldenu.edu/Office-of-Research-
Integrity-and-Compliance.htm. 
Wheeler, M. L., Dunbar, S. A., Jaacks, L. M., Karmally, W., Mayer-Davis, E. J., Wylie-
Rosett, J., & Yancy, W. S. (2012). Macronutrients, Food Groups, and Eating 
Patterns in the Management of Diabetes A systematic review of the literature, 2010. 
Diabetes Care, 35(2), 434-445. 
World Health Organization (2013). Probability sampling methods for qualitative studies. In 





Yang, M., Wang, Y., Davis, C. G., Lee, S. G., Fernandez, M. L., Koo, S. I., ... & Chun, O. 
K. (2012). Validation of an FFQ to assess short-term antioxidant intake against 30 d 
food records and plasma biomarkers. Public Health Nutrition, 1(1): 1-10. 
Ye, E. Q., Chacko, S. A., Chou, E. L., Kugizaki, M., & Liu, S. (2012). Greater whole-grain 
intake is associated with lower risk of type 2 diabetes, cardiovascular disease, and 
weight gain. The Journal of Nutrition, 142(7), 1304-1313. 
Zajacova, A., & Dowd, J. B. (2011). Reliability of self-rated health in US adults. American 
Journal of Epidemiology, 174(8): 977-983. 
Zhang, X., Beckles, G. L., Bullard, K. M., Gregg, E. W., Albright, A. L., Barker, L., ... & 
Imperatore, G. (2010). Access to health care and undiagnosed diabetes along the 






















































50-59 years, 60 









NHANES Questionnaire Dataset 
DIQ010 





























































































































NHANES Dietary Recall Dataset 
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NHANES Laboratory Dataset 
LBXGH Glycohemoglobin Continuous HbA1c 
Same as 
original 
LBXGLU 
Fasting glucose 
(mg/dL) 
Continuous FBG_mgdl 
Same as 
original 
LBDGLUSI 
Fasting glucose 
(mmol/L) 
Continuous FBG_mmolL 
Same as 
original 
